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Chapter 1 
 
One aspect that makes us special as human beings is that we can communicate 
in an abstract way by means of language. Without any apparent effort, language 
allows us to share information with others, even when we are separated by 
distance and time. Yet, in spite of its prominence in our daily lives, using 
language is a skill that most people perform without realising how complex and 
fascinating it is. For instance, the understanding of written or spoken language 
entails the processing of symbols that capture ideas formulated in words, 
picked from a large array of tens of thousands of words stored in our minds. 
This information is transmitted to us via auditory or visual channels, and within 
a few hundred milliseconds converted into the meaningful words that 
constitute sentences. How language is processed is a fundamental question in 
cognitive science and forms part of a larger quest to understand how the mind 
functions and is structured (see, e.g., Jackendoff, 1996). 
Most people in the world today do not only speak one language, but can 
express themselves in at least one additionally acquired language (Hamers & 
Blanc, 2000), and can therefore be referred to as being ‘bilingual’. Bilingualism, 
in the present context, is defined as using two (or more) languages in one’s 
everyday life (see Grosjean, 1998). Knowing a second language (L2) next to a 
mother tongue or first language (L1) inevitably influences how we process 
language in general, apart from influencing many other cognitive processes, 
including thought (Pavlenko, 2005) and cognitive control (Bialystok, 2005). 
Many bilinguals are sequential or successive bilinguals (De Groot, 2011), 
meaning that they started learning their L2 after gaining proficiency in their L1. 
This implies that these bilinguals are usually more proficient in their L1 than in 
their L2; they are therefore also referred to as unbalanced bilinguals. As a 
consequence of the imbalance, bilingual influences can be observed during 
language processing and development, particularly of the L1 on L2.  
Many studies in the last decades (see Dijkstra & Van Heuven, 2002; 
French & Jacquet, 2004; Kroll, Bobb, & Wodniecka, 2006; Van Assche, Duyck, 
& Hartsuiker, 2012, for reviews) have shown that word processing in bilinguals 
is not limited to one language only. Irrespective of the language used, it 
involves activation of words from both the (target) language in use and other 
(non-target) languages. This is known as ‘language non-specific processing’, 
and implies that recognition and production of specific words engages words 
from both languages in the bilingual mind. For example, lexical items in the 
bilinguals’ L1 can be activated while they are processing words in their L2. 
Such language non-specific activation results in cross-linguistic lexical effects, i.e., 
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effects of non-target language activation are observed during word processing 
in terms of accuracy and speed. To what extent the L1 influences the L2 (or 
vice versa) depends on a number of factors, including characteristics related to 
the stimulus, the participant, and the task involved. 
Stimulus aspects that influence language processing concern 
characteristics of the languages in question. Two stimulus aspects commonly 
examined in relation to bilingual processing are instances of language specificity, 
referring to characteristics that differ between languages, and instances of 
language overlap, denoting cross-linguistic similarity. Differences between two 
languages are most obvious when two languages are used in the same context, 
for instance, when people switch from one language to another. Switching 
involves a transition to a different vocabulary, as well as another grammar and 
pronunciation. Thus, switching requires processing language-specific aspects of 
two languages in the same context, which yields a temporary processing 
difficulty compared to staying in the same language (e.g., Kolers, 1966). 
Switching is therefore said to lead to a processing cost. As stated above, the 
non-target language may also influence processing while bilinguals are using 
only one language. This is particularly so when the languages in question are 
lexically similar. Spelling (orthography), pronunciation (phonology), and 
meaning (semantics) of translation equivalents may more or less overlap across 
languages. For example, the English word ‘insect’ is very similar to the Dutch 
‘insect’, whereas English ‘butterfly’ bears little similarity to its Dutch translation 
equivalent ‘vlinder’. Bilingual processing of words like ‘insect’, known as 
cognates, is facilitated compared to that of non-cognates such as ‘butterfly’ 
(e.g., Dijkstra, 2005). This is because the overlap between languages yields 
activation of orthographic, phonological, and semantic codes in two languages, 
known as co-activation. In case of cognates, language overlap can thus be said 
to lead to a processing benefit. This thesis includes four empirical chapters that 
report on instances of lexical similarity across languages and cases of language 
switching, because they give insight in the processing and organisation of 
languages in the bilingual mind.  
Quite a number of studies on cognate processing have been published in 
recent years (e.g., Costa, Caramazza, & Sebastián-Gallés, 2000; Dijkstra, 
Grainger, & Van Heuven, 1999; Dijkstra, Miwa, Brummelhuis, Sappelli, & 
Baayen, 2010; Gollan, Forster, & Frost, 1997; Hoshino & Kroll, 2008; 
Lemhöfer & Dijkstra, 2004; Lemhöfer et al., 2008; Strijkers, Costa, & Thierry, 
2010; Voga & Grainger, 2007; Yudes, Macizo, & Bajo, 2010), but they have 
almost exclusively focussed on the word category of nouns. Currently, very 
little is known about the processing of verb cognates. This thesis pays special 
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attention to co-activation of verb cognates. Because of their essential role in 
sentences (see e.g., Balling, 2012), processing of verb cognates was also 
examined in sentence context. Language switching is another topic of this 
study on bilingualism. Language switches in sentence processing are examined 
to see how the cost associated with switching is influenced by the sentence 
context. A further point of interest in relation to co-activation is whether and 
to what extent processing of items that overlap between languages influences 
processing of language switching. This thesis therefore also considers the 
interaction between cognates and switching. 
In addition to factors related to stimulus materials, the studies reported in 
this thesis examine how the processing of cognates and language switches is 
influenced by inter-individual variation among participants. This pertains, 
specifically, to variation in the bilinguals’ proficiency in their two languages. As 
stated above, the knowledge of an additional language influences processing in 
both languages. A sensible question to ask is whether the bilinguals’ L2 
proficiency, linked to the relative activation of L1 and L2, also influences the 
magnitude of cross-linguistic effects and switch costs. Furthermore, the 
language context or method of testing can create conditions that may influence 
the degree (occurrence and size) of cross-linguistic effects, for example because 
one task makes participants more aware of the non-target language than 
another. In this thesis, cognate processing and language switching will be 
examined along with effects of relative language proficiency and task demands.  
In the remainder of this introduction, three aspects related to bilingual 
language processing will be discussed: stimulus characteristics, participants’ 
relative language proficiency, and task demands. First, several aspects 
concerning stimulus characteristics will be discussed. This starts with a short 
introduction on lexical storage in the bilingual mind and lexical activation in 
relation to word recognition and lays a basis for the topics that are specifically 
relevant for this thesis. After an introduction on lexical co-activation in 
monolingual processing, studies on language non-specific processing in 
bilinguals, particularly focussing on cognate processing, will be reviewed. In a next 
section, the choice for verbs will be explained. This is followed by a discussion 
of studies on language switching and studies that have examined cognate 
processing and language switching in combination. Here the so-called ‘lexical 
triggering hypothesis’ will be introduced as the last aspect of stimulus 
characteristics. Second, in relation to participant characteristics the issue of 
relative language proficiency will be discussed. Third, the influence of the type of 
task on processing will be shortly introduced. The introduction ends with an 
overview of this thesis, including a description of the bilinguals studied in this 
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thesis, a more detailed introduction of the topics, the central research questions 
of each chapter, and an overview of the range of tasks used in the present 
study.  
 
Lexical storage 
Everything we know about the words of a particular language is assumed to be 
stored in long term memory in an organized manner, which is known as the 
mental lexicon (e.g., Aitchison, 2012). Apart from orthographic and 
phonological information on words, the lexicon also contains information on, 
for example, syntactic, morphological, and semantic aspects. The 
representations in the mental lexicon can be both auditory and visual in nature, 
implying that, for instance, the information on the word’s sound and spelling is 
stored (Coltheart, Davelaar, Jonasson, & Besner, 1977; Nas, 1983). It is 
estimated that the mental lexicon of the average language user contains at least 
50,000 words for their native language (Aitchison, 2012) and several ten 
thousands more for their second language, depending on L2 proficiency.  
In the mental lexicon of bilinguals, lexical items of both L1 and L2 are 
assumed to be stored together in an integrated fashion (Dijkstra & Van 
Heuven, 2002). This assumption is supported by evidence from more and 
more brain imaging studies that processing of L1 and L2 largely takes place in 
one and the same part of the brain (see Indefrey, 2006; Stowe & Sabourin, 
2005; Van Heuven & Dijkstra, 2010, for reviews). However, the two languages 
may differ with regard to the amount of effort (brain activity) that is required in 
processing, which is higher for L2 (e.g., De Bleser et al., 2003).  
The integrated storage of representations has consequences for language 
processing in bilinguals. Similar to the storage of lexical items, activation and 
access of lexical representations is assumed to be language non-specific. 
Processing in L2 can be influenced by L1 and vice versa, leading to cross-
linguistic effects.  
 
Lexical activation 
One of the most important concepts in cognition in relation to processing is 
the metaphor of activation. Word recognition involves the activation of the 
stored mental representation of a word upon seeing or hearing it. In 
connectionist models, the retrieval of stored information is assumed to take 
place by activation of relevant representations (nodes) via links in orthographic, 
phonological, and semantic networks. Localist connectionist models claim that 
language information is represented in terms of symbols (e.g., Dijkstra & Van 
Heuven, 1998), whereas distributed connectionist models claim that lexical 
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information is sub-symbolically spread over a range of nodes (e.g., Van Hell & 
De Groot, 1998). Associative connections between nodes of different types are 
established by learning, due to similarity in form and use, or due to a frequent 
occurrence in the same context. Via these connections, activated nodes 
simultaneously spread activation to many other connected nodes, and this is 
referred to as co-activation (e.g., Li & Zhao, 2013; McClelland & Rumelhart, 
1986; see also Kolk, 2008).  
The mechanism underlying co-activation in cognitive accounts of 
information processing operates as follows. In the initial stages of lexical 
processing, referring to the first few hundred milliseconds, the incoming signal 
is processed in a bottom-up fashion (i.e., fast passive information uptake based 
on incoming sensory information), while later processing is regulated in a more 
top-down manner (i.e., driven by stored knowledge that generates expectations 
or priors). In interactive connectionist models, such bottom-up and top-down 
processing are assumed to work together (e.g., McClelland & Rumelhart, 1981).  
Effects of co-activation can be seen in the processing of all kinds of 
incoming sensory information, including word recognition. In monolingual 
word recognition, co-activation can be observed for lexically ambiguous words. 
Examples are homonymous word forms that have two meanings, such as in 
case of the word ‘bug’, which can refer to an insect or to a hidden device used 
for spying. The input signal is initially processed in a non-specific manner, 
which means that different lexical representations associated with the word 
form ‘bug’ are automatically co-activated. In lexical decision tasks, such co-
activation can result in faster recognition of a word, when the two meanings 
are at least associatively related (Rodd, Gaskell, & Marslen-Wilson, 2002), 
which is known as the ambiguity effect (see also Harley, 2008). Such effects of 
co-activation seem primarily caused by bottom-up activation, due to overlap in 
visual or auditory features of the stimulus, for example. Apart from that, 
however, processing is also affected by top-down influences. This may arise via 
the stored representation for a word or the linguistic context in which a word 
occurs. 
Given the interaction of top-down and bottom-up processing, the 
question arises how a sentence context influences bottom-up processing of 
polysemous words. Swinney (1979) showed that co-activation for the word 
‘bug’ not only occurred when it was presented in isolation, but also when it was 
encountered in a text fragment such as the following: “Rumour had it that, for 
years, the government building had been plagued with problems. The man was 
not surprised when he found several spiders, roaches, and other bugs in the 
corner of his room”. When participants heard this sentence while they had to 
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give a lexical decision response to a visually presented word that was related to 
one of the meanings of the ambiguous word (‘ant’ or ‘spy’), their responses 
were faster for both of these related words compared to an unrelated control 
word (‘sew’) at the point of hearing ‘bugs’. This indicated that initially both 
meanings of ‘bugs’ had been activated, even though the context biased the 
‘insect’ reading of the word. However, when participants had to make a lexical 
decision shortly after hearing the word ‘bugs’ (i.e., two syllables later), a 
facilitation effect was only obtained for the context relevant word ‘ant’. This 
finding suggests that top-down influences quickly set in during sentence 
processing to bias sentence interpretation towards the intended ‘insect’ 
meaning of ‘bug’. Co-activation for lexically ambiguous word forms thus 
occurs both for words presented out of context and words that are presented 
in a meaningful context, although lexical ambiguity is largely reduced in the 
latter case (Piantadosi, Tily, & Gibson, 2012).  
So far, co-activation in monolingual word recognition was discussed. 
Many studies on bilingual visual word recognition show that processing of 
language ambiguous words also yields effects of co-activation. Bilingual co-
activation occurs for words that are shared between two languages in terms of 
their lexical form (e.g., Beauvillain & Grainger, 1987). For bilinguals, the 
presentation of a word in one language can simultaneously co-activate a word 
in another language that is associated in terms of semantics, spelling, or 
phonology, which implies language non-specific processing. Cross-linguistic 
lexical influences are observed for different word categories, including 
homographs and cognates.  
Words that overlap between languages with respect to their orthography 
or phonology but are linked to different meanings, are called ‘false friends’ or 
interlingual homographs. An example is the word ‘leek’, which denotes a 
vegetable in English, but refers, amongst others, to a layman in Dutch. Because 
it is linked to non-overlapping meanings in the two languages, there is co-
activation of lexical items in the two languages. The competition of lexical 
candidates in both L1 and L2 can lead to a slow-down of the word recognition 
process and thus hinder processing especially for L2 items in L2 lexical 
decision (see Degani & Tokowicz, 2010; Dijkstra, 2005, for overviews of 
studies).  
When both form and meaning of a word are shared between languages, as 
is the case for cognates, co-activation is beneficial, because a common meaning 
becomes activated via two lexical representations. Upon seeing the Dutch-
English word ‘insect’, recognition is usually speeded up in comparison to 
translation equivalents that do not share a form in the two languages (e.g., 
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Dijkstra, Grainger, & Van Heuven, 1999; Lemhöfer et al., 2008). Because both 
readings of the cognate activate their shared meaning, each profits from faster 
activation and recognition. In the following section, cognate processing will be 
discussed in more detail. 
 
Cognate processing 
Co-activation speeds up the recognition process, so that in comparison to non-
cognate translation equivalents, cognates are generally recognized faster and 
with fewer errors in lexical decision tasks (e.g., Dijkstra et al., 1999, 2010; 
Gerard & Scarborough, 1989; Lemhöfer et al., 2008; Lemhöfer, Dijkstra, & 
Michel, 2004), and show an effect of ease of integration (indexed by a smaller 
N4001) in ERP studies (Midgley, Holcomb, & Grainger, 2010; Yudes, Macizo, 
& Bajo, 2010; see Strijkers et al., 2010 for earlier cognate effects in the ERP 
signal). This is called the ‘cognate facilitation effect’. It is interpreted as 
evidence for language non-specific processing, indicating that multiple 
languages are simultaneously active during lexical processing.  
Evidence for co-activation during cognate processing also comes from 
priming studies. Similar to semantic, visual, or action priming studies (e.g., 
Lam, Dijkstra, & Rueschemeyer, under review; Ondobaka, De Lange, 
Newman-Norlund, Wiemers, & Bekkering, 2012), showing that the prior 
presentation of one word can facilitate access to a subsequently related word or 
scene, priming has been observed for cognates. Generally, cognate translation 
equivalents show more priming than non-cognate translation pairs (De Groot 
& Nas, 1991; Duñabeitia, Perea, & Carreiras, 2010; Sánchez-Casas & García-
Albea, 2005; Voga & Grainger, 2007). This strongly suggests that cognates are 
linked in the bilingual lexicon (e.g., at the semantic level), so that activation of a 
representation in one language activates a representation in the other.  
Words from different languages can be co-activated not only in isolation, 
but also in sentence context. One might assume that a monolingual sentence 
context would suffice to limit activation to only one language, given that it 
unequivocally points to the intended processing language. Nevertheless, co-
activation of words across languages is also observed for cognates in sentence 
context, in a way similar to the monolingual processing of lexically ambiguous 
words embedded in a sentence (e.g., Swinney, 1979). Cognate facilitation 
effects have been observed when cognates were incorporated in L2 sentences 
(Duyck, Van Assche, Drieghe, & Hartsuiker, 2007; Libben & Titone, 2009; 
Midgley et al., 2010; Schwartz & Kroll, 2006; Van Assche, Drieghe, Duyck, 
                                                          
1 This EEG-marker occurs as a negative peak in the EEG wave form around 400 ms after 
stimulus onset and is assumed to reflect ease of lexical-semantic integration. 
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Welvaert, & Hartsuiker, 2011; Van Hell & De Groot, 2008) and in L1 
sentences (Van Assche, Duyck, Hartsuiker, & Diependaele, 2009). 
In spite of the wealth of studies showing cognate facilitation effects, 
recent studies have pointed out several restrictions to co-activation of cognates. 
For instance, it has been shown that facilitatory processing is influenced by the 
degree of cross-linguistic orthographic overlap. Facilitation effects are larger for 
perfectly shared word forms, such as the English-Dutch word ‘insect’, than for 
non-identical yet very similar word forms like English ‘dance’ and its Dutch 
translation equivalent ‘dans’ (Dijkstra et al., 2010; Duyck et al., 2007). Based on 
the differences in magnitude of the effect, it is assumed that co-activation 
depends on the degree of orthographic similarity (but see Gollan et al., 1997; 
Hoshino & Kroll, 2008, for cross-linguistic effects across languages with 
different scripts). Apart from such direct stimulus related aspects, also the 
context in which a cognate is presented can affect the extent to which such a 
word yields facilitatory processing. 
Contextual factors influencing bilingual word recognition in sentences 
include expectations generated by sentence context. A clear example of 
expectation-driven processing generated by context is seen in effects of 
semantic constraint. Evidence from studies comparing unpredictable low-
constraint sentences with predictable high-constraint sentences indicates that 
cognate effects are reduced or no longer present in the latter case (Libben & 
Titone, 2009; Schwartz & Kroll, 2006; Van Hell & De Groot, 2008). When the 
cognate follows a highly predictable sentence context, it is often processed no 
faster than a matched non-cognate control word (but see Van Assche et al., 
2011, for a different pattern of results). This suggests that sentence context can 
modulate the degree of co-activation for cognates. 
The interaction between bottom-up and top-down influences in bilingual 
lexical processing is described in the Bilingual Interactive Activation + model 
(Dijkstra & Van Heuven, 2002; see also Dijkstra & Van Heuven, 1998). The 
BIA+ model postulates that during recognition in a lexical decision task or 
sentence comprehension, both types of processing are at work. In the initial 
stage of word recognition, lexical processing occurs bottom-up and signal-
driven. This means that the activation of visual features of letters for 
identification, as well as the activation of lexical forms and semantics, is based 
on stimulus input. The subsequent, higher order, decision on the status of the 
letter string is based on top-down processing involving attention. Empirical 
evidence indicates that top-down processing, for example by the sentence 
context in which a word occurs, also influences the recognition process 
(Swinney, 1979; Zwitserlood, 1989).  
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Apart from influences of lexical similarity and semantic constraint, there 
are several other aspects that affect language processing and could therefore 
modulate cross-linguistic effects. In terms of stimulus characteristics, effects of 
the degree of similarity across two languages may not only be sensitive to word 
form characteristics, but may also depend on the syntactic class of the involved 
items. So far, psycholinguistic studies on cognates have paid little attention to 
verbs. The experimental research on bilingual activation and cognate 
processing has predominantly focussed on noun cognates, which are generally 
quite similar in form and use across languages. This has led to accounts that 
were not specifically aimed at explaining noun processing, although they are 
mostly based on findings from that category. It is unclear whether facilitatory 
effects for noun cognates can be generalized to other word classes, such as 
verb cognates (see also Van Hell, 2002), which are of a different syntactic 
category and have a different role in sentences. In order to give a more 
complete picture of cognate facilitation, this thesis examines whether similar or 
different findings can be observed for verbs. 
 
Verbs 
There are several reasons that make verbs an interesting syntactic class for 
further examination. Verbs are another category of content words, which is 
essential when examining effects of meaning and form overlap. Both nouns 
and verbs that are overlapping between languages can be referred to as 
cognates in the realm of psycholinguistics (see Carroll, 1992; Balling, 2012). 
Yet, nouns and verbs are known to differ in several respects, most notably in 
terms of semantics and syntax. Nouns and verbs have different roles to play in 
sentences, and noun inflections (to distinguish singular from plural) differ from 
verb inflections (to distinguish person and tense). Semantic differences 
between nouns and verbs are evident from the learning and use of word 
classes. As shown by patterns of language acquisition in L1, learning nouns is 
easier than learning verbs, because linking an abstract form to meaning is easier 
when a reference can be established (see e.g., Bird, Franklin, & Howard, 2001; 
Kolk, 2008; Perniss, Thompson, & Vigliocco, 2010). Many nouns refer to 
concrete notions, such as objects that have colour and shape, whereas many 
verbs (unless they are action verbs) are abstract and more difficult to depict. 
Apart from that, noun meaning is more stable than verb meaning, as indicated 
by the amount of ambiguity that arises in translation. Unlike concrete nouns, 
verbs do not have a one-to-one mapping across languages, making this 
category more ambiguous and more language-specific than nouns (Prior, 
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MacWhinney, & Kroll, 2007; see also Prior, Kroll, & Macwhinney, 2013). The 
question is to what extent such properties influence cross-linguistic activation. 
So far, most cognate research has focussed on examining form aspects. 
Effects of the degree of orthographic and phonological overlap have repeatedly 
been shown across different paradigms (e.g., Dijkstra et al., 1999, 2010; Duyck 
et al., 2007; Schwartz, Kroll, & Diaz, 2007; Van Assche et al., 2009). Little work 
has been done, however, on other lexical influences such as the role of 
semantic overlap on cognate processing. One study by Van Hell and De Groot 
(1998) investigated influences of semantic differences on bilingual processing 
by manipulating concreteness, word class, and cognate status in a word 
association task. Dutch-English bilinguals were asked to associate to nouns and 
verbs that varied in terms of cognate status and concreteness in a same-
language condition and a between-language condition, and their answers across 
the two conditions were compared. The associations in the same-language 
condition and the between-language condition were more often translation 
equivalents for nouns compared to verbs, for cognates compared to non-
cognates, and for concrete words compared to abstract words; a similar pattern 
of results was observed in reaction time data and omissions. With respect to 
word class, this suggests that in terms of semantics, cross-language similarity is 
lower for verbs (Van Hell, 2002).  
Although the findings by Van Hell and De Groot suggested no difference 
between nouns and verbs in terms of the magnitude of the cognate effect, 
looking further into the role of syntactic class on cognate processing can be 
deemed interesting. First of all, word class differences can be linked to 
semantics, because verbs semantics are assumed to be less overlapping between 
languages than noun semantics. Given that semantics are normally assumed to 
be shared for cognates across two languages, a word class comparison could 
give insight in the role of cross-linguistic semantic similarity. The amount of 
semantic overlap possibly originating from word class differences could affect 
co-activation similar to the degree of form overlap. Another reason why verb 
cognates are interesting is their role in the sentence. In order to test for effects 
of cross-linguistic activation in verbs, it is crucial to examine words of this 
category in sentence context, given that in everyday language use, verbs are 
used in sentences to express meaning. While form effects can be examined at 
word level, to study meaning, it may be better to examine words in sentences, 
because global meaning is constructed at the sentence level (see Taylor, Lev-
Ari, & Zwaan, 2008). The interpretation of verbs is strongly dependent on the 
linguistic context in which it is used, meaning that the sentence context 
determines the precise meaning (Gentner, 1981). Therefore, sentence context 
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may exert a stronger effect on the processing of verbs than nouns. Other than 
that, verbs can be said to have a special status in sentences because they 
determine it to a large extent in terms of verb argument structure (see 
Colombo & Burani, 2002; Friederici & Frisch, 2000; Goldberg, 1995).  
The processing of verb cognates will be examined in Chapter 2 and 
subsequent chapters of this thesis. Chapter 2 investigates cognate processing 
for verbs presented out of context. Chapter 3 addresses whether and how 
sentence context influences verb cognate processing. Obtaining a cognate 
effect for verbs in sentence context would be stronger evidence for language 
non-specific activation compared to isolated processing, because it reflects full 
processing of verbs in their natural environment. A further point of interest in 
terms of stimulus characteristics in this thesis is the relation between the co-
activation of cognates and switching between languages. The next section will 
therefore discuss the topic of language switching.  
 
Language switching 
The alternating use of two languages in the same utterance is referred to as 
language switching. Bilingual speech of habitual code-switchers seems fluent in 
natural situations. In discourse, switching is sometimes preferred over staying 
in the same language because of ease of expression and considered to be least 
effortful (Grosjean & Miller, 1994; Tracy & Lattey, 2010). Yet, precise 
measurements in experimental settings reveal that language switches are 
accompanied by a slow-down in processing, both in production and 
comprehension tasks (e.g., Chauncey, Grainger, & Holcomb, 2008; Costa & 
Santesteban, 2004; Gollan & Ferreira, 2009; Meuter & Allport, 1999; Moreno, 
Federmeier, & Kutas, 2002; Proverbio, Leoni, & Zani, 2004; Van Der Meij, 
Cuetos, Carreiras, & Barber, 2011). This processing difficulty is known as the 
switch cost. Switch costs are usually assumed to be due to the switching 
between two processes or types of information, which results in a general task 
switch cost (Monsell, 2003). The cost associated with language switching may 
also be assumed to be partly language-specific, as will be argued below. 
At first sight, the presence of a switch cost is paradoxical given the 
presence of language non-specific activation and cross-linguistic connections in 
the mental lexicon: Two languages are active simultaneously, but switching 
between the two languages is not without effort. Yet, in spite of local co-
activation in sentence context for associated forms in both L1 and L2, 
representations from two languages are not always active to the same degree. 
This assumption indirectly depends on the assumption that within the bilingual 
lexicon, language subsets exist or can be formed during processing (Paradis, 
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2004). Because bilinguals generally use only one language at the time for 
reading, writing, listening, or speaking, co-occurring items of this particular 
language are often simultaneously activated. Such activation patterns might 
create connections in the brain, such that items belonging to one language are 
closely tied, forming a subset. The subset hypothesis at first glance seems to 
contradict the notion of language non-specific activation, but the two notions 
can be reconciled by assuming that subset formation takes place only after an 
initial phase of language non-specific activation. This proposal is compatible 
with the BIA+ model (Dijkstra & Van Heuven, 2002), in which language 
membership information becomes available gradually, on the basis of sublexical 
or lexical properties of the item under processing. According to this view, 
language non-specific activation pertains to the initial bottom-up processing, 
but this activation may quickly become more selective when processing 
evolves.  
The cognitive cost of language switching can then in part be explained by 
a difference in the degree to which a word activates representations in L1 and 
L2, which implies a language-specific cost. A possible explanation for language-
specific switch costs is based on the notion that generally, representations of 
the language in which word processing occurs are more active at that moment 
than non-target language representations. If the activation of a word 
representation in one language can facilitate activation of other word 
representations in that same language due to links in the subset, then 
continuing in the same language is easier than switching from the on-going 
language to the other one (see also Léwy & Grosjean, 2001). This explanation 
in terms of activation degrees suggests that language switches may affect 
processing of cognate words. The degree of co-activation could be differently 
influenced by a context involving language switching or one that is 
monolingual.  
A number of studies have considered how a bilingual context (involving 
language switching) influences the processing of cognates (e.g., Christoffels, 
Firk, & Schiller, 2007; Kroll, Dijkstra, Janssen, & Schriefers, 2000). These 
studies yielded mixed results. Christoffels et al. (2007) used a picture naming 
task including trials demanding a language switch between L1 and L2 items, 
some of which were cognates. Behavioural findings showed that during the 
switch block, effects of cognate facilitation in word naming were larger in L1 
than in L2. The experiment also comprised non-switch blocks, which showed 
the typical finding that cognate facilitation was larger in L2 than in L1. The 
explanation given by the authors holds that in the mixed block, L1 is more 
open to influences from L2 than a pure language block. Kroll et al. (2000) also 
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used a picture naming paradigm involving a cognate manipulation and both a 
switch and a non-switch L2 block. Their results showed a cognate effect in the 
L2 block, but this effect was reduced in the block containing switches, even 
though two languages were explicitly present. The reduced cognate facilitation 
was explained as an effect of inhibition because the naming task demanded a 
strict separation of languages. Note that this is particularly important during 
language production, when correct output demands the selection of 
representations in only one language.  
Apart from studies indicating that language switching can influence 
cognate processing, there is also evidence that local co-activation of cognates 
can influence patterns of language switching. Cognates are assumed to enhance 
frequency of switching due to lexical availability. This means that bilinguals 
may switch between languages in their spontaneous speech depending on how 
readily available a word is in a particular language (see Rodriguez-Fornells, 
Krämer, Lorenzo-Seva, Festman, & Münte, 2011). Clyne (2003) proposed that 
the availability for lexical items from another language may be heightened 
following cognates compared to non-overlapping word forms, such that the 
likelihood of switching may be enhanced. The claim that the presence of 
cognates can facilitate switching is based on observations across bilinguals with 
several language backgrounds, who were more likely to switch following the 
use of a cognate (see also Paradis, 2004). For example, in the utterance “Ene 
keer is het Engels, next minute spreekt ze weer Hollands” [Sometimes it’s 
English, next minute she’s speaking Dutch again], the speaker first switches to 
English after uttering the cognate ‘Engels’ (‘English’), and then switches back 
to Dutch following the cognate ‘minute’ which is very similar to the Dutch 
translation ‘minuut’ (Dutch immigrant in Australia, corpus De Bot/Hulstijn). It 
is assumed that such switches are triggered by lexical overlap; this is therefore 
referred to as the lexical trigger effect (Clyne, 2003). This bottom-up effect is 
assumed to result from local co-activation of individual words in a sentence 
(see Treffers-Daller, 1998).  
Statistical evidence for the trigger hypothesis comes from corpus studies 
on spontaneous speech of habitual code-switchers (e.g., Broersma & De Bot, 
2006; Broersma, Isurin, Bultena, & De Bot, 2009; Broersma, 2009) and 
experimental studies involving free speech production based on picture 
descriptions (Kootstra, Van Hell, & Dijkstra, 2012; Kootstra, 2012). Focussing 
on speech production, these studies showed that the frequency of language 
switching is enhanced by the presence of a cognate in the immediate 
neighbourhood. An emergent question is whether cognates can also facilitate 
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processing of language switches by reducing the switch cost. The little evidence 
that is available pointing in this direction comes from a picture naming study.  
Broersma (2011) conducted a picture naming study that included cognates 
and involved language switches. The hypothesis was that a language switch 
would be facilitated if it had been preceded by a cognate. This was tested in 
two ways, by measuring frequency of switching and switch cost reductions in 
terms of naming latencies. In one of two experiments, Dutch-English bilinguals 
named pictures in their L1 and L2 as indicated by a colour cue. Reaction time 
data to switched items in both languages showed faster responses when these 
items followed a cognate rather than a non-cognate control. A second 
experiment used similar materials, but allowed participants to switch freely on 
trials of their choice, measuring frequency. The results suggested that cognates 
enhance switching, in line with the notion of lexical availability.  
The present thesis is primarily concerned with lexical processing in 
sentence context. With regard to this topic, it was examined whether switch 
costs would be reduced following a cognate in sentence context. In order to 
test if co-activation affects the magnitude of switch costs, the experiment must 
be conducted under controlled conditions. Language comprehension and 
speech reproductions allow for such controlled conditions in which 
participants process identical (scripted) stimulus materials, which is what will be 
examined in this thesis. Whether and how verb cognates influence the 
magnitude of switch costs is studied in Chapters 4 and 5.  
 
Language proficiency 
Not only stimulus characteristics, but also participant characteristics, including 
L2 language proficiency and the possible impact of differences in relative 
activation of the L1 and L2, are assumed to affect lexical processing. Although 
L1 and L2 are proposed to be stored in a similar manner and in overlapping 
brain areas, a difference can be observed in terms of the amount of brain 
activity expressed in the BOLD signal2 involved in L1 and L2 processing 
(Indefrey, 2006). More brain activity is observed for processing in L2, in 
agreement with the idea that L2 processing is more effortful than L1 
processing.  
Relative activation of L1 and L2 representations in word processing is to 
some extent determined by proficiency. In initial stages of L2 acquisition, the 
bilinguals’ proficiency in L1 largely outweighs their proficiency in L2. This 
depends on the frequency of use, meaning that activation of representations in 
                                                          
2
 The Blood Oxygen Level Dependent (BOLD) functional magnetic resonance imaging 
signal is an indication of neural activity. 
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L1 is stronger than in L2 during word processing. As a bilingual gains 
proficiency in the L2 and reaches the stage that can be referred to as balanced, 
relative activation of L1 and L2 becomes more equal, meaning that L1 and L2 
representations are activated equally fast and to the same degree (see Dijkstra & 
Van Hell, 2003). Thus, bilingual word processing involves activation of L1 and 
L2 representations, which is influenced by a participant’s proficiency in L1 and 
particularly L2.  
The metaphor of an L1/L2 activation difference can also be applied to 
the processing of lexical items, such as cognates (see also Gollan, Montoya, 
Cera, & Sandoval, 2008). When co-activation applies, the relative activation of 
L1 and L2 is assumed to depend on proficiency in those languages as well as on 
the context or language mode. A modulating effect of L2 proficiency has 
indeed been observed in bilingual processing (Brenders, Van Hell & Dijkstra, 
2011; Costa et al., 2000; Poarch & Van Hell, 2012; Titone, Libben, Mercier, 
Whitford, & Pivneva, 2011; Van Hell & Dijkstra, 2002; see Van Hell & Tanner, 
2012, for a review), which suggests that cognate processing depends on relative 
language proficiency in L2 and L1. Chapter 3 looks at the role of proficiency in 
cognate effects. 
L2 proficiency, and the activation of L2 relative to L1, also plays a role in 
language switching. A commonly observed pattern for unbalanced bilinguals 
who are asked to name pictures in their L1 and L2 is a switch cost asymmetry: 
A switch from the weaker language to the stronger language (L2-L1) is more 
demanding than a switch in the other direction (L1-L2) (see Meuter, 2009). 
However, in the utterances of balanced bilinguals who were approximately 
equally proficient in both their languages, the asymmetry disappeared, and 
switch costs were of a similar size in either direction (Costa & Santesteban, 
2004). This raises the question whether proficiency-dependent effects observed 
in language production can also be observed in the comprehension of language 
switches. To shed more light on this issue, Chapters 4 and 5 of this thesis 
examine the role of L2 proficiency and relative activation of L1 and L2 on 
switch costs. 
 
Tasks 
In addition to characteristics related to stimuli and participants, a third factor 
relevant in the study of lexical processing is the specific task used to examine 
processing. As indicated by several experiments, task requirements can 
influence the amount of co-activation, especially when language switching is 
involved. Ibáñez, Macizo, and Bajo (2010) asked bilinguals and professional 
translators to read sentences that contained a cognate. The language of the 
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sentence changed between trials. After reading, sentences were to be repeated 
out loud. In this ‘reading for repetition’ task, reading times of bilinguals showed 
a switch cost, but no cognate facilitation, while professional translators showed 
cognate facilitation in reading, but no switch cost. When similar groups of 
participants were asked to only read the sentences, without repeating them 
afterwards, the results changed: In the read-only task both groups of 
participants showed cognate effects and no switch costs. This led the authors 
to suggest that cognitive demands of the task determine whether co-activation 
arises. Less skilled bilinguals could not co-activate their L1 and L2 when they 
were also required to switch in reading for repetition, while more skilled 
translators were able to activate both languages, which also meant that switch 
costs disappeared. In the cognitively less demanding read-only task, co-
activation occurred across both types of bilinguals, because there was no need 
to inhibit one language.  
An earlier study by Macizo and Bajo (2006) also points to effects of task 
requirements on bilingual activation. When professional translators and 
Spanish-English bilinguals were asked to read sentences for repetition, the 
reading times showed no difference between cognate and non-cognate words 
for either type of participants. When participants were asked to read sentences 
with the purpose of translating them, the translators showed faster reading 
times for cognates compared to control words. This effect was also present, 
and was more pronounced, for bilinguals, which suggests that the use of a 
different task can affect the magnitude of cognate facilitation. Contrary to these 
findings, a recent study by Balling (2012) showed no difference in cognate 
effects between a task that instructed participants to read sentences for 
comprehension and one that instructed participants to read the sentences with 
the purpose of translating them afterwards (see Christoffels et al., 2007; Kroll 
et al., 2000 for more task dependent effects in studies on language switching).  
The method of examination was also shown to have an effect in a visual 
comprehension study examining cognate processing by Duyck et al. (2007). 
When participants had to make a lexical decision to a word presented at the 
end of a sentence, a cognate facilitation effect was obtained for the whole set 
of cognates included in the study, which consisted of both identical and non-
identical cognates between Dutch and English. In a subsequent task that used 
the more subtle online measure of eye-tracking to measure reading times, a 
cognate effect was only observed for identical cognates. This suggests that the 
degree to which effects are found is dependent on the task (and context) that is 
used to measure effects. Studies in the present thesis have used different tasks, 
in order to be able to generalize the effects across a wider range of tasks. 
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Chapter 3 specifically compares eye-tracking and self-paced reading as two 
types of measurement for the same reading task. Chapters 4 and 5 test similar 
predictions based on very similar materials using self-paced reading and 
shadowing paradigms. 
 
This thesis 
The present study investigates bilingual processing by examining processing of 
cognates and language switches in (sentence) context. Concerning cognates, 
this thesis focusses on verbs, with the aim to find out whether words of this 
category yield facilitatory effects similar to nouns. Processing of verb cognates 
is therefore studied in a minimally disambiguating context and in sentence 
context. Furthermore, this thesis focusses on language switches, in particular 
switch costs. It is studied how switch costs are affected by sentence context. 
The processing of verb cognates and language switching is also investigated in 
combination, to examine whether effects of cross-linguistic processing 
influence processing in sentences containing language switches. Examining 
these two aspects of L2 processing can give more insight in how mental 
representations in an L1 and L2 are linked, and how language-specific switch 
costs can be reconciled with the notion that two languages are activated 
simultaneously. Both effects likely depend on the relative activation of L1 and 
L2, which makes language proficiency an additional important factor to 
examine. Furthermore, the importance of the task used to measure processing 
of cognates and language switches is considered. 
 
Bilinguals in this study 
The bilinguals examined in this thesis are Dutch adults who are second 
language learners of English. The majority of these learners are university 
students who have received formal instruction in English as an obligatory 
subject at secondary school, as well as a basic introduction at primary school. 
Recently, a growing number of pupils at secondary school have been taking 
‘bilingual education’. This means they have been learning English in an 
immersed setting in which subjects other than languages are taught in English 
(Verspoor, Schuitemaker-King, Van Rein, De Bot, & Edelenbos, 2010). 
However, the number of such pupils in the present study is low. Furthermore, 
English is omnipresent in Dutch media. Most of the tested students are, for 
example, familiar with and likely to learn from English spoken films with 
subtitles (see Mitterer & McQueen, 2009). As a result of this input, the majority 
of Dutch university students can be considered to be highly proficient learners 
of English, who are well able to express themselves in their second language. 
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Although they may not be perfectly balanced bilinguals, they do form a 
relatively coherent group who can be considered functional bilinguals. In order 
to account for individual differences in proficiency within this group, all 
participating bilinguals filled in language background questionnaires, gave self-
ratings, and performed proficiency tasks, which, in several cases, were included 
in the analyses.  
 
Central questions 
This thesis examines three main issues in relation to bilingual processing in 
sentence context: verb cognates, language switching and L2 proficiency. The 
central questions discussed are the following: First, do verb cognates show an effect of 
co-activation similar to noun cognates in (sentence) context? This will be tested for 
language processing in minimal context (Chapter 2), in monolingual L2 context 
(Chapter 3), and in bilingual context involving language switching between L1 
and L2 (Chapters 4 and 5). Second, how does sentence context influence the processing of 
language switching in terms of switch costs? And does co-activation of cognates influence 
language switch costs (Chapters 4 and 5)? Third, are effects of cognate facilitation and 
switch costs influenced by L2 proficiency and relative activation of L1 and L2 (Chapters 3, 
4, and 5)? Additionally, the influence of task requirements will be considered 
when we compare the results obtained with different techniques across 
chapters. These questions are examined in four empirical chapters that study 
behavioural performance. 
 
Empirical chapters and experimental techniques used 
All experiments conducted in this study used reaction times (RTs) as the basic 
dependent variable. By comparing the RTs in two conditions, which are 
identical apart from a specific manipulation, the time difference between two 
conditions can be calculated. A cognitively more demanding condition is 
assumed to take extra processing time, which implies that the amount of 
processing involved can be inferred from the time difference (see also 
Donders, 1868). In addition to RTs, accuracy rates are analysed. RTs and 
accuracy were measured in a range of different tasks, which allows for a 
generalization over paradigms. 
Chapter 2 focuses on comprehension of verb (e.g., ‘to begin’ - ‘beginnen’) 
and noun (e.g., ‘winter’ - ‘winter’) cognates embedded in a minimally 
disambiguating context that requires little syntactic processing. Apart from 
activation across languages as a result of cognate status, the study also looks 
into within-language overlap across word class categories. An example of this is 
the English word ‘smile’, which can be both a noun and a verb. Another 
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question is how the combination of within and between language overlap (e.g., 
the word class ambiguous cognate ‘dance’ - ‘dans’/‘dansen’) influences 
processing in bilinguals. Very little work has been done regarding the combined 
effects of ambiguity within and between languages (but see Arêas Da Luz 
Fontes & Schwartz, 2010), although word processing has been shown to be 
subject to effects of overlap for both cognates (e.g., Dijkstra, 2005) and word 
class ambiguous items (e.g., Rodd et al., 2002) alike. Because of word form 
overlap, the processing of shared word forms is likely to differ from that of 
words with a single meaning within and across languages. Cognate status and 
word class ambiguity were expected to affect both noun and verb processing. 
Yet, cognate effects were supposed to be stronger for nouns, in line with more 
cross-linguistic form overlap for nouns relative to verbs (Dijkstra et al., 2010). 
Ambiguity effects were assumed to be stronger for verbs given that nouns are 
more easily accessed than verbs, resulting in faster co-activation of non-target 
noun representations during verb processing than vice versa.  
In Chapter 2, lexical decision tasks were used in which participants were 
asked to make a word/non-word response to a visually presented letter string 
on a computer screen. Participants press one of two buttons on a button box 
as soon as they have decided whether this letter string is a word or a non-word. 
The time between the presentation of the stimulus and the time of the button 
press is assumed to reflect the time it takes to recognize a word or non-word. 
The cognitive processes involved in lexical decision are a continuing topic of 
debate. Apart from a decision process and execution of a motor programme, it 
may reflect mere word identification or recognition of a lexical entry based on 
form (see Grainger, Dufau, Montant, Ziegler, & Fagot, 2012), but other studies 
attribute also deeper semantic activation to lexical decision (see Rayner & 
Pollatsek, 1989).  
Chapter 3 examines the comprehension of noun and verb cognates in 
sentence context, to study the influence of cognate status in a context that is 
more language-specific, such as in the sentence ‘The girls do nothing but smile 
(Dutch ‘glimlachen’) / drink (Dutch ‘drinken’) all night while sitting in the 
corner’. Cognate processing of nouns and verbs in sentences is studied in an 
exploratory manner to see if verb cognates generate facilitatory processing 
similar to noun cognates. If cross-linguistic activation depends on the structural 
role of a word in the sentence via the influence of semantics, then cognate 
effects for nouns and verbs could be differently affected by presence of a 
sentence context. Furthermore, this chapter looks at the role of proficiency and 
task in cognate facilitation effects. 
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The research in Chapter 3 investigates the bilingual reading processes by 
means of eye-tracking and self-paced reading measures. Both types of measures 
allow for analysing reading times per word. Sentence processing is assumed to 
be incremental, such that words are read faster when they are shorter and more 
frequent (Rayner, 1998). Similarly, cognates are assumed to be processed faster 
than non-cognates. Eye-tracking allows us to measure the duration of fixations 
in between the movements of our eyes as we read. As we read, our eyes move 
in jumps (saccades) over the text, and in between eye movements, they fixate 
for brief moments on (parts of) words. By measuring the length of those 
fixations, we can infer information about the processes going on during reading 
(Rayner & Pollatsek, 1989). In reading research, different eye-tracking measures 
are known, including early fixation measures, such as first fixation duration and 
first pass reading time, as well as late fixation measures, such as regression path 
time and total reading time, and instances where words are not fixated, referred 
to as skips (exact definitions of all measures can be found in Chapter 3).  
Self-paced reading is based on the same principle of analysing reading 
times, but does not allow for analyses of early and late reading time measures 
to examine different stages in the time course of comprehension like eye-
tracking does. It involves the word by word presentation of a sentence on a 
screen, which is self-controlled by the participant; with each button click, the 
next word appears on the screen. Participants thus decide how long they need 
to process a word. 
Chapters 4 and 5 study switch costs in sentence context and the influence 
of verb cognates on processing of switches, such as in the sentence ‘The angry 
scientists promise (‘beloven’) / publish (‘publiceren’) een herziening van hun stuk 
(a revision of their piece)’, which contains a switch from L2 to L1. With respect 
to language switching, both visual comprehension (Chapter 4) and auditory 
comprehension in combination with production (Chapter 5) were examined, so 
as to measure different kinds of sentence processing. Two studies based on the 
same sentence materials were conducted to investigate if cross-linguistic 
overlap for verbs affects the magnitude of switch costs in sentences that 
switched between participants’ L1 Dutch and L2 English. Both studies test the 
hypothesis that the presence of a cognate before a language switch may reduce 
the switch costs due to prior co-activation of the language that is switched to. 
In addition, we consider the role of L2 proficiency and language-specificity of 
syntactic structures in processing of cognates and language switches to see if 
the effects are dependent on the relative proficiency in L1 and L2, and on 
syntactic overlap.  
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Similar to Chapter 3, Chapter 4 also uses the self-paced reading paradigm, 
based on the notion that non-switched word items are read faster than 
switched items. Chapter 5 is different from the first three empirical chapters in 
that it does not involve visual processing of language. Instead, it combines 
auditory comprehension with language production in a method that is known 
as shadowing. To our knowledge, F.C. Donders was the first to use the 
shadowing paradigm in the 1860s. He asked a participant to repeat the spoken 
syllables of another participant as quickly as possible, which means that they 
speak while they are still listening to incoming speech, at a very short time 
interval of a few hundred milliseconds. By subtracting different time points of 
speech onset, he aimed to measure the time course of mental processes 
(Donders, 1868; Schmidgen, 2005). Since then the task has been widely used as 
an online measure that can give insight in the information that is available to a 
listener during speech processing, as delays in shadowing or mistakes made can 
reflect processing difficulties (e.g., Christoffels & De Groot, 2004; Marslen-
Wilson, 1973, 1975, 1985; Nye & Fowler, 2003; Radeau & Morais, 1990; 
Ziegler, Muneaux, & Grainger, 2003). If the modulating effect of cognates on 
switch costs is dependent on the involvement of language production, as 
suggested by the original trigger hypothesis (Clyne, 2003), then shadowing 
might give us more information than visual comprehension. 
Finally, following the four empirical chapters, Chapter 6 presents a 
summary of all experimental chapters and a general discussion of the presented 
findings in order to answer the research questions 
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CHAPTER 2 
Cognate and word class ambiguity effects  
in noun and verb processing 
 
 
 
 
 
 
 
 
 
 
Abstract: This study examined how noun and verb processing in bilingual visual word 
recognition are affected by within and between-language overlap. We investigated how 
word class ambiguous noun and verb cognates are processed by bilinguals, to see if co-
activation of overlapping word forms between languages benefits from additional 
overlap within a language, and whether this effect is sensitive to the grammatical 
category of a word. Although effects of form overlap are ubiquitous in studies on nouns, 
little is known about such effects in verbs. In two experiments, Dutch-English bilinguals 
performed lexical decision tasks in L2 in which cognate status and word class ambiguity 
were manipulated in nouns and verbs. Responses to verb targets in both experiments 
showed facilitatory effects of both types of overlap. In contrast, noun targets in both 
experiments showed only a cognate effect, but no ambiguity effect. We argue that the 
difference between verbs and nouns arises because verb representations are more 
complex than those of nouns. As a consequence, verb processing benefits more from 
within language form overlap than noun processing. 
 
This chapter has been accepted for publication as: Bultena, S., Dijkstra, T., & Van 
Hell, J.G. (2012). Cognate and word class ambiguity effects in noun and verb 
processing. Language and Cognitive Processes. doi: 10.1080/01690965.2012.718353  
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Chapter 2 
 
Bilingual readers are commonly faced with overlapping word forms in one or 
both of their languages. For instance, for Dutch-English bilinguals the word 
form ‘dance’ in their second language (L2) English is similar to the first 
language (L1) Dutch translation equivalent ‘dans’. In bilingual processing, such 
translation equivalents with form overlap, referred to as cognates, are 
recognized faster relative to words that have no such overlap, referred to as 
non-cognates (e.g., Lemhöfer et al., 2008). Apart from having semantic, 
orthographic, and phonological overlap across languages, the word ‘dance’ is 
also syntactically ambiguous within a language, because its word form is shared 
between two word classes, as it can occur both as a noun (‘the dance’) and a 
verb (‘they dance’). For these word class ambiguous items (or nounverbs), a 
similar processing advantage is observed in monolingual word recognition 
when the meaning and form of the noun and verb readings are (partially) 
shared (e.g., Rodd, Gaskell, & Marslen-Wilson, 2002). The same or similar 
words can thus belong to different syntactic categories, and to different 
languages, both of which can speed up processing in visual word recognition. 
This ought to have consequences for the bilingual processing of cognates that 
belong to multiple syntactic categories. 
Despite a great interest in word class ambiguity in the monolingual 
domain (e.g., Burton, Krebs-Noble, Gullapalli, & Berndt, 2009; Federmeier, 
Segal, Lombrozo, & Kutas, 2000; Lee & Federmeier, 2006, 2009; Rodd et al., 
2002; Snijders et al., 2009) and a recent upsurge of interest in cross-language 
overlap in the field of bilingualism (e.g., Beauvillain & Grainger, 1987; Dijkstra, 
Grainger, & Van Heuven, 1999; Duñabeitia, Perea, & Carreiras, 2010; Haigh & 
Jared, 2007; Van Hell & De Groot, 1998; Schwartz, Kroll, & Diaz, 2007), there 
are few bilingual studies that have considered the consequences of the 
combination of within-language and between-language lexical overlap for word 
recognition (e.g., Baten, Hofman, & Loeys, 2010). Moreover, by far the most 
evidence for the cognate effect has been obtained with noun stimuli. As a 
consequence, theoretical accounts on cognate representations are almost 
exclusively based on this item category. Nevertheless, linguistic and neuro-
linguistic studies point to differences between noun and verb processing (see 
Cappa & Perani, 2003; Druks, 2002; Vigliocco, Vinson, Druks, Barber, & 
Cappa, 2011, for reviews) and findings on representations and processing based 
on noun data do not always generalize to verbs (see Pickering & Frisson, 2001).  
The present study addresses this gap in scientific knowledge by examining 
processing consequences of word class ambiguity and cognate status in nouns 
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and verbs. Specifically, it considers the processing of words such as ‘dance’, 
which have largely overlapping forms and meanings between languages in 
combination with being ambiguous with respect to word class within a 
language. We were primarily interested to see how additional within-language 
overlap influenced effects of cross-language overlap. Secondly, the use of 
nouns and verbs allowed us to look at processing differences between these 
two word classes for bilinguals. To set the stage for our experiments, we first 
review the literature with respect to cognate processing before zooming in on 
differences between noun and verb processing.  
 
Cognate processing 
A large number of studies in the field of bilingual word recognition have 
provided evidence for activation of non-target language items when processing 
in only one language (see De Groot, 2011, Chapter 4 of for an overview). Non-
target activation has been found for items with shared forms in the absence of 
semantic overlap, for example, in the case of interlingual homographs (e.g., 
Beauvillain & Grainger, 1987; Dijkstra, Moscoso del Prado Martín, Schulpen, 
Schreuder, & Baayen, 2005; Haigh & Jared, 2007) and interlingual homophones 
(Lagrou, Hartsuiker, & Duyck, 2011; Schulpen, Dijkstra, Schriefers, & Hasper, 
2003). At the same time, priming studies also show cross-language effects for 
translation equivalents without any form overlap (e.g., Dimitropoulou, 
Duñabeitia, & Carreiras, 2011). Yet, bilingual lexical activation is most apparent 
when both semantics and form overlap between languages, as in the case of 
cognates. Relative to non-cognates, cognates are usually processed more 
quickly and more accurately, which is referred to as the cognate (facilitation) 
effect (e.g., Dijkstra et al., 1999; Dufour & Kroll, 1995; Lemhöfer et al., 2008; 
Yudes, Macizo, & Bajo, 2010). Cognate facilitation is not only found in L2, but 
also in L1 processing (Van Assche, Duyck, Hartsuiker, & Diependaele, 2009; 
Van Hell & Dijkstra, 2002), although it is usually larger for processing in L2 
than in L1. Furthermore, the effect increases when a word is shared among 
more than two languages (Lemhöfer, Dijkstra, & Michel, 2004) and is sensitive 
to a participant’s proficiency in a non-target language (see Van Hell & Tanner, 
2012, for a review). 
The cognate effect is taken as evidence for language non-specific access 
(e.g., Dijkstra, 2005), meaning that representations in each of a bilingual’s 
languages are co-activated upon reading a cognate. Such language non-specific 
processing assumes separate orthographic representations in the two languages, 
linked to a largely overlapping or shared semantic representation (e.g., Dijkstra 
& Van Heuven, 2002). Upon seeing a cognate, orthographic, phonological, and 
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semantic representations in both languages are activated. Due to interactions 
between the semantic level and the orthographic level, activation patterns are 
stronger for cognates in comparison to non-cognates, resulting in faster 
recognition for the former (e.g., Duyck, Van Assche, Drieghe, & Hartsuiker, 
2007; Lemhöfer & Dijkstra, 2004; Libben & Titone, 2009).  
Facilitatory processing of cognates is found when their forms are fully 
overlapping between languages or when they are very similar, although the 
effect tends to be more pronounced for the former cognate type. Several 
studies have shown that the magnitude of the cognate effect increases with 
greater orthographic similarity between two readings of a cognate (e.g., 
Dijkstra, Miwa, Brummelhuis, Sappelli, & Baayen, 2010; Duyck et al., 2007). 
For this reason, the cognate effect is generally explained on the basis of the 
orthographic overlap between translation equivalents. Apart from the form 
overlap effect in terms of orthography, phonology has also been shown to play 
a role in cognate effects. Studies by Dijkstra, Miwa, Brummelhuis, Sappelli, and 
Baayen (2010) and Schwartz, Kroll, and Diaz (2007) showed that increased 
phonological overlap further speeded up responses for orthographically 
identical cognates (but cf. Dijkstra et al., 1999; Lemhöfer & Dijkstra, 2004). 
Furthermore, there is evidence that increased phonological overlap in the 
absence of orthographic overlap leads to larger cognate facilitation, as shown 
by cross-script cognate effects (Gollan, Forster, & Frost, 1997; Hoshino & 
Kroll, 2008; Voga & Grainger, 2007). Cognate processing thus benefits more 
generally from overlap at a lexical level. 
In addition to lexical overlap, cognates may also benefit from more 
conceptual or semantic overlap compared to non-cognates (see Francis, 2005, 
on the semantic/ conceptual distinction; we shall use the term ‘semantic’ here). 
It is commonly assumed that semantics of translations equivalents are shared 
irrespective of form overlap between two word forms (e.g., Altarriba, Kroll, 
Sholl, & Rayner, 1996). However, semantic associations for cognates are 
assumed to be stronger than for non-cognates. Because of their striking 
resemblance in form, L2 cognate translation equivalents can be mapped more 
readily onto existing L1 representations (Van Hell & De Groot, 1998; see also 
Degani, Prior, & Tokowicz, 2011, for evidence suggesting that form overlap in 
L1 affects semantic representations in L2). In this interpretation, cognate 
translation equivalents are more semantically similar across languages than non-
cognate pairs. Because activation patterns in word recognition result from 
interactions among semantic, orthographic, and phonological features, the 
combination of overlap at multiple levels gives rise to faster activation for 
cognates.  
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Effects of syntactic category have so far not been examined for cognates. 
Little is known about cognate representations for item categories other than 
(concrete) nouns, which are the items that accounts of bilingual activation in 
the word recognition literature are based on. We do not know, however, in 
how far conclusions for noun cognates also hold for verbs, which are more 
language-specific with respect to both form and meaning. Therefore, the 
present study examines the recognition of both noun and verb cognates. Below 
we will give an overview of studies that have found representation and 
processing differences between nouns and verbs. 
 
Noun and verb processing  
Nouns and verbs constitute distinct word categories in language, and there are 
several linguistic differences between nouns and verbs (see Druks, 2002) that 
impact their processing in both monolinguals and bilinguals. Generally, nouns 
refer to objects while verbs refer to actions or events. Furthermore, the 
meaning of nouns is less variable than that of verbs (Gentner, 1981; Reyna, 
1987) as nouns are assumed to have denser connections between properties in 
a distributed network (Tyler, Russell, Fadili, & Moss, 2001). In contrast, verb 
meaning is more often defined relative to context (Gentner, 1981) and more 
often polysemous than that of nouns (Miller & Fellbaum, 1991). Verbs are also 
considered to be structurally more complex than nouns, because they contain 
information on the number and kinds of arguments a verb can take, such as 
agent, theme, and goal (Grimshaw, 1990). Furthermore, nouns and verbs differ 
in terms of morphology. The morphological family size of nouns is larger than 
that of verbs (De Jong, Schreuder, & Baayen, 2000). More prominently, 
English nouns are generally inflected with a plural marker (-s), whereas English 
verbs can be inflected in a number of ways with markings for tense, aspect, and 
number, resulting in differential forms for the continuous, past tense, or third 
person singular (-ing, -ed, -s). These forms are even more diverse for irregular 
verbs. Differences between nouns and verbs may therefore be explained by 
differences in the complexity of representations in terms of form and meaning. 
Verbs are commonly considered to be “psychologically more complex and 
therefore more difficult to process than nouns” (Pickering & Frisson, 2001, p. 
557) and even termed “the most complex lexical category” (Miller & Fellbaum, 
1991, p. 214). In light of these complexity differences, it is not surprising that 
nouns are typically learned earlier than verbs (Gentner, 1981; Li, Jin, & Tan, 
2004). There is also evidence that the more complex nature of verbs results in 
slower processing as compared to nouns in both the monolingual (Gentner, 
1981; Tyler et al., 2001, Experiment 1; but see Burton et al., 2009) and the 
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bilingual domain (Baayen, McQueen, Dijkstra, & Schreuder, 2003; Van Hell & 
De Groot, 1998).  
Differential processing according to word class can be related to 
differences at underlying semantic and syntactic levels. Semantic differences 
between nouns and verbs can be explained by differences on the concrete - 
abstract dimension (see Federmeier et al., 2000). Verbs are considered as more 
abstract, whereas nouns are usually more concrete. The distinction between 
objects (nouns) and actions (verbs) is similarly semantic in nature, 
corresponding to sensori-motor accounts of language processing. These 
distinguish word classes in terms of their semantic associations, based on 
neuro-imaging evidence showing visual activation for nouns, and motor 
activation for verbs (e.g., Pulvermüller, Lutzenberger, & Preissl, 1999). Yet, 
other authors argue for a distributed representation of semantic information 
that is not specified for word class and attribute the differences between nouns 
and verbs to a syntactic level of representation (Tyler et al., 2001; Tyler, Bright, 
Fletcher, & Stamatakis, 2004; see also Damasio & Tranel, 1993). The 
distinction between nouns and verbs has also been linked to differences at 
multiple levels, i.e., in terms of stored representations at semantic and word 
form levels, as well as word class specific morphological processing (Shapiro & 
Caramazza, 2003). In an extensive review of noun and verb studies, Vigliocco 
et al. (2011) conclude that there are processing differences between the two 
word classes in that verbs are more complex in terms of semantics, syntax, and 
morphology, leading to greater processing demands for verbs than for nouns. 
This implies that representations for noun are more likely to be directly 
activated than those for verbs (see De Bleser & Kauschke, 2003 for converging 
evidence from aphasics).  
In case of bilingual processing, differences according to word class are 
likely to be influenced by differences in cross-linguistic similarity between noun 
and verbs. Nouns are more semantically similar between languages than verbs 
(Van Hell, 2002), which implies that cross-language differences between verb 
cognates are greater than those between noun cognates. Semantic differences 
among word types for bilinguals in terms of grammatical class, cognate status, 
and concreteness have been examined by Van Hell and De Groot (1998). They 
compared the similarity of within-language and between-language performance 
on a word association task. Dutch-English bilinguals were asked to associate to 
nouns and verbs that varied in terms of cognate status and concreteness. For 
example, when given the word ‘skirt’, participants could respond by saying 
‘dress’ in the within-language word association task or by mentioning the 
Dutch translation of ‘dress’ in the between-language version of the task. The 
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number of times within-language associations generated the same responses 
(meaning equivalents) as the between-language associations was higher for 
nouns compared to verbs, for cognates compared to non-cognates, and for 
concrete words compared to abstract words. This finding again indicates a 
processing advantage for nouns in comparison to verbs, which in a distributed 
account is interpreted as evidence for sharing of more features between 
languages for nouns as compared to verbs (Van Hell & De Groot, 1998). In 
the case of cognates, Dutch-English verb translation equivalents are also less 
cross-linguistically similar than noun cognates with respect to orthography (see 
Dijkstra et al., 2010) in addition to being less similar across languages 
concerning semantics. 
So far, we have established that there are differences between nouns and 
verbs, but with respect to word class representations, a further distinction can 
be made. Certain words cannot unambiguously be classified as either noun or 
verb, because they share a word form, such as the ambiguous word form 
‘dance’. Such nounverbs are widely available in English (e.g., Clark & Clark, 
1979). There is electrophysiological evidence to suggest that unambiguous 
nouns and verbs are processed differently from ambiguous nounverbs even in 
a syntactically disambiguating context (Federmeier et al., 2000; Lee & 
Federmeier, 2009; see Burton et al., 2009, for related neuro-imaging findings). 
In order to draw a complete picture of noun and verb representations, we must 
therefore also consider these word class ambiguous items. Here, it is important 
to distinguish semantically ambiguous items, such as ‘a watch’ and ‘to watch’ 
(referred to as noun-verb homonyms) from semantically similar items, such as 
‘a drink’ and ‘to drink’. In a review of studies on semantically ambiguous word 
items including nounverbs, Rodd et al. (2002) showed that processing is 
different for polysemous words, which are related in meaning, compared to 
homonyms, which have unrelated meanings. When processed in isolation, 
ambiguous words with multiple related meanings (e.g., ‘twist’) yielded 
facilitatory processing for monolinguals (see also Beretta, Fiorentino, & 
Poeppel, 2005; Rodd, Gaskell, & Marslen-Wilson, 2004). In contrast, 
ambiguous words with multiple unrelated (e.g., ‘bark’) meanings caused a delay 
in recognition. Finding an ambiguity advantage only for polysemous words 
implies that, similar to co-activation between languages, the within-language 
effect is dependent on the degree of overlap in terms of form and meaning. 
The present study only considers semantically related items (see Degani & 
Tokowicz, 2010, for an overview of research on semantically ambiguous items). 
Although no study so far has explicitly tested word class ambiguity effects 
in bilingual word recognition, there is some evidence for activation across word 
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categories in bilinguals. Sunderman and Kroll (2006) found an effect of 
grammatical class in a task that involved bilingual participants making a 
translation judgement to form or meaning related words. Critical items were 
word pairs that consisted of a Spanish word and an English word that was 
form related to the correct translation of the Spanish word (translation 
neighbour), or was form related to the Spanish word itself (lexical neighbour); 
the English neighbour words could be from the same or a different word class 
as the Spanish word. An example word pair is the Spanish verb ‘corre’ (English 
‘runs’) in combination with the translation neighbour ‘rug’ or the lexical 
neighbour ‘coral’. The results for such items showed less lexical interference 
when the two words of each pair were drawn from different grammatical 
classes, as the verb and noun combination in the example. This suggests that 
the link between neighbouring words from two different word classes is not as 
strong as the link between neighbouring word forms of the same word class.  
Further evidence for cross category activation in bilingual processing 
comes from studies investigating homophones and homographs. A recent 
study by Vandeberg, Guadalupe, and Zwaan (2011) indicated an interlingual 
homophone effect in auditory comprehension for overlapping word forms that 
belong to different syntactic categories across languages. For example, when 
presented with a sentence containing the English verb form ‘spoke’, bilinguals 
were shown to activate the phonologically similar Dutch noun ‘spook’, 
meaning ghost. Another study by Baten et al. (2010) compared processing of 
Dutch-English homographs that share word classes between languages (e.g., 
the English noun ‘tree’, meaning ‘step on a staircase’ in Dutch) to that of 
homographs of different word classes in two languages (e.g., English adjective 
‘big’, meaning ‘piglet’ in Dutch). More cross-language facilitation was reported 
for homographs that belong to one and the same word class. In spite of these 
findings, it is not clear how the bilingual lexicon represents semantically similar 
words that are largely overlapping both within and between languages, and how 
representational differences between nouns and verbs may influence processing 
of these items. We therefore investigated such cognate effects in word class 
ambiguous and unambiguous nouns and verbs.  
 
The present study 
Both cognates and word class ambiguous items have been shown to yield faster 
processing. The available evidence indicates that both monolingual and 
bilingual processing benefit from the presence of multiple form and meaning 
related entries in the lexicon. So far, however, no study has considered the 
combined effects of lexical overlap between languages and grammatical overlap 
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within a language. To test the claim that both between and within-language 
overlap lead to a facilitatory effect in bilingual word processing, we examined 
effects of cognate status in combination with word class ambiguity. We tested 
these effects in nouns and verbs, because previous studies have indicated 
differences between nouns and verbs in terms of complexity of processing. 
These differences may affect the extent to which cognate status and word class 
ambiguity affect processing of nouns and verbs.  
Two lexical decision tasks were conducted in which word class ambiguity 
and cognate status were manipulated for both nouns and verbs. In the first 
experiment, we manipulated cognate status and word class ambiguity for nouns 
and verbs separately; in the second experiment, we manipulated the same 
factors, but also matched a smaller set of nouns and verbs on relevant 
psycholinguistic variables so as to allow for a direct comparison between the 
word classes.  
We predicted facilitatory effects of form overlap across languages and 
across word classes for semantically-related lexical items. Between-language 
effects of cognate status were expected for both nouns and verbs. Given the 
different characteristics of nouns and verbs discussed above regarding cross-
language orthographic and semantic overlap, we expected the cognate 
facilitation effect for verbs to be smaller than for nouns. We also expected to 
find a word class ambiguity advantage for bilinguals, similar to findings for 
semantically related items of different syntactic categories in monolingual 
processing. We predicted that full form overlap with a noun equivalent should 
benefit verbs more than the other way around, given that verb representations 
are more complex than noun representations and usually slower activated than 
nouns. Assuming an integrated lexicon, we predicted that overlap within and 
between languages could co-occur simultaneously, such that the processing of 
word class ambiguous cognates processing benefits from two forms of co-
activation. 
 
Experiment 1: Lexical decision with nouns and with verbs 
Method 
Participants 
Thirty-three Dutch-English bilinguals (22 females), students drawn from the 
Radboud University participant pool, took part in the experiment. All had 
normal or corrected-to-normal vision and were between 18 and 28 years of age 
(M = 20.63, SD = 2.16). All participants were native speakers of Dutch and 
had learned English at school as an L2 starting around the age of 10. Their 
mean score on the English XLex vocabulary knowledge test (Meara, 2006) of 
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85.12% (SD = 6.96) indicates that they are highly proficient learners of English. 
The XLex task determines a participant’s vocabulary range in English, which is 
generally taken as an indication of proficiency. Participants were paid a small 
amount of money or received course credit for their participation. 
 
Stimulus materials  
Cognate status and word class ambiguity were manipulated in a 2 (cognate vs. 
non-cognate) x 2 (unambiguous vs. ambiguous word class) design. The 
experiment comprised separate noun and verb blocks. Each block consisted of 
50 unambiguous and 50 ambiguous items, half of which were cognates, yielding 
a total of 100 target stimuli per list that contained equal numbers of non-
cognate unambiguous items, non-cognate ambiguous items, cognate 
ambiguous items, and cognate unambiguous items. The ambiguous items 
(nounverbs) in the noun and verb lists were largely the same, and were 
cognates with regard to both their noun and verb readings. In all cases did the 
noun and verb reading of ambiguous items converge on a related meaning. In 
addition to 100 test items, each list contained 60 filler words, half of which 
were cognates, and 160 pseudo words that respected English phonotactics, 
yielding a total of 320 items per list (see Appendix I). 
A crucial dimension for matching word forms is word frequency, known 
to be one of the best predictors of word recognition, also in L2 (Duyck, 
Vanderelst, Desmet, & Hartsuiker, 2008). However, in case of words with 
identical forms and overlapping semantics, such as for syntactically ambiguous 
forms, determining a word’s frequency is not straightforward. Matching a word 
on one of its forms cannot constitute a good control when a word is processed 
based on both its forms, as is assumed for co-activated word forms (but see 
Caramazza, Bi, Costa, & Miozzo, 2004, and Caramazza, Costa, Miozzo, & Bi, 
2001, for form specific effects with homophones). An estimation of word 
frequency that reflects exposure to different forms of the word can be obtained 
by summing or averaging objective frequencies from standard databases (cf. 
Dijkstra et al., 2005; Federmeier et al., 2000). However, averaging frequencies 
over different occurrences of word forms, such as in case of the nounverb 
‘plant’, might well underestimate the effect of encounters with both the noun 
and verb forms. At the same time, a summation of the frequencies for the 
noun and verb readings of ‘plant’ might lead to an overestimation of the 
frequency of the verb form. This is because the noun reading of ‘plant’ has a 
much higher lemma frequency than the verb reading according to CELEX 
(Baayen, Piepenbrock, & Van Rijn, 1993). As an alternative, we chose to match 
the word class ambiguous and unambiguous items on a logarithmic cumulative 
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frequency measure of the noun and verb readings of a word. This measure was 
obtained by summing the Cobuild per million frequencies of the noun and verb 
readings of a word taken from CELEX and subsequently calculating the 
logarithm of this sum. The log frequency of the cumulative nounverb measure 
was matched with the single log frequency of unambiguous verbs or nouns. 
This implies that the frequency of unambiguous items was higher than the 
single frequency of the noun or verb readings of ambiguous items. Four-level 
analyses of variance for both nouns and verbs revealed no significant 
differences among the items with respect to frequency (p > .10). Furthermore, 
cognate and non-cognate nounverbs were matched on the single frequencies of 
both their noun and verb readings.  
Additionally, subjective frequency ratings were obtained and used as an 
alternative frequency measure. Subjective frequency was included as a predictor 
in our analyses to control for double frequencies of overlapping word forms 
between languages. Balota, Pilotti, and Cortese (2001) showed that subjective 
frequency is a better predictor of monolingual lexical processing than objective 
frequency measures. Activation of words that have similar word forms in two 
languages also depends to a large extent on subjective frequency (Dijkstra, 
Hilberink-Schulpen, & Van Heuven, 2010; Dijkstra & van Heuven, 2002), 
although subjective frequency of L2 words is likely to entail more than 
frequency alone, such as meaning related effects (Van Hell, Oosterveld, & De 
Groot, 1996). Subjective frequency ratings were collected online from a group 
of 120 Dutch native speakers (mean age 19.89, SD = 2.15), drawn from the 
same participant pool as described above. Participants were asked to rate the 
frequency of a total of 444 English words, divided over 2 lists, including 81 
nouns, 146 nounverbs, and 217 verbs on a scale of 1 (never used) to 7 (used 
daily). 
Furthermore, concreteness was included as a predictor in our analyses. 
Concreteness ratings were collected from a different group of 52 Dutch-
English bilingual participants (mean age 21.40, SD = 4.61), from the same 
participant pool as referred to before, in an online study in which participants 
were asked to rate the concreteness of 199 English nouns and 235 English 
verbs on a scale of 1 (very abstract) to 7 (very concrete); nounverbs were rated 
twice.  
Items in the noun and verb lists were matched on word length and 
neighbourhood density in English across the four conditions (p’s > .10; see 
Appendix III). Furthermore, unambiguous and ambiguous verb cognates were 
matched on cross-language similarity as measured by Van Orden’s 
orthographic similarity measure (Van Orden, 1987). The unambiguous and 
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ambiguous noun cognates, however, could not be matched exactly on cross-
language similarity, because of inherent differences between items in the 
languages; most selected nouns were identical cognates, while there are very 
few nounverbs that are identical cognates. This implies that nounverbs could 
be matched to orthographically less similar verb cognates, but that it was not 
possible to perfectly match nounverbs to orthographically more similar noun 
cognates. However, all items were chosen because of a high degree of overlap 
with their Dutch translation equivalents (see Appendix I). 
In order to distinguish the noun and verb readings of the nounverbs, all 
items were presented in a minimally disambiguating context. Nouns were 
presented in combination with the articles a(n), the, or this. Verbs were 
presented with one of three personal pronouns: you, we, or they. Minimal 
context combinations were counterbalanced across participants, so that each 
participant was presented with all possible articles and pronouns. Highly 
unlikely or grammatically incorrect combinations of context and target words 
(e.g., “a grass”) were excluded.  
 
Procedure  
Participants were tested individually on a Windows XP Intel ® Pentium ® 
4CPU computer. The experiment was run with Presentation software 
(Neurobehavioral Systems). Participants were seated at approximately 60 cm 
from the computer screen; stimuli were presented in Arial 24 pts. lowercase 
white letters aligned in the centre to a dark grey background. 
Prior to testing, participants read English instructions on the computer 
screen explaining the task. Participants were instructed to press the yes-button 
with the index finger of their dominant hand for letter strings they identified as 
words, and use the no-button with the index finger of their other hand for 
non-words. They were asked to react as quickly and as accurately as possible. 
Each trial began with the presentation of an asterisk in the centre of the 
screen for 800 ms. After 300 ms, the target stimulus appeared at the same place 
and remained on screen for 1500 ms or until a response was given. The next 
trial started 700 ms after the participant had pressed a button. All stimulus 
presentation times were adapted to the monitor’s 60 Hz refresh rate. Responses 
were registered by a button box. 
At the beginning of the experiment, participants completed a 10-trial 
practise block to familiarise themselves with the procedure. Subsequently, the 
320 items on the noun and verb lists were presented in 3 blocks, with pauses in 
between blocks. The experiment was resumed when participants pressed a 
button. Each block started with 3 dummy trials that were not included in the 
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analyses. The order of presentation of trials was determined by a 
pseudorandomization with no more than five words of the same type in a row. 
The experimental items had a different pseudorandomized order for each 
participant. 
The order of noun and verb lists was counterbalanced across participants. 
Each participant was tested on both lists. After completing the lexical decision 
task, participants filled out a language background questionnaire and performed 
the XLex task. A complete session lasted approximately 30 minutes. 
 
Results 
RTs and accuracy data were analysed with a linear mixed effects model with 
participant and item as random effects (see Baayen, 2008). In the present 
design, no effort was made to match items across word classes; therefore 
nouns and verbs were treated as separate categories in the analyses. For both 
the noun and the verb data, we examined the effects of our manipulated factors 
word class, cognate status, and word class ambiguity, as well as RT on the 
previous trial (henceforth: previous RT; see De Vaan, Schreuder, & Baayen, 
2007), subjective frequency, and concreteness. The latter two factors were 
included as predictors, because items on the noun and verb lists were not 
matched across the four conditions on subjective frequency and concreteness. 
Because nounverbs were presented repeatedly (i.e., once in the noun and the 
verb block), we checked for effects of block. By performing separate t-tests on 
the data of participants who saw the noun block or verb block first, we 
examined if an ambiguity effect would already occur on the first presentation 
of a nounverb. Furthermore, in case of a word class ambiguity effects, we also 
checked for an effect of word class ambiguity for items in the participant’s L1, 
because several nounverbs also had overlapping readings in Dutch between the 
first person singular verb and the singular noun. Prior to modelling, cases of 
collinearity were determined by correlation analyses. Subsequently, a model was 
fitted to the data including all data points, which was then trimmed by 
removing outliers from the data set, defined as data points with standardized 
residuals exceeding 2.5 standard deviation units. Here we report fixed effects of 
trimmed versions of the best models (see Tables 1 and 2), and the outcomes of 
the subsequently performed analyses of variance on the linear mixed effects 
models, which are reported in the text. RT data were log transformed to 
correct for non-normal distributions. 
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Nouns  
Only correct responses were considered for RT analyses. The overall error rate 
on the word items was 4% for the nouns. The data of one participant who had 
an error rate of more than 15% were removed; accuracy rates for other 
participants were high (M = 96%, SD = 5). None of the items were removed, 
as there were no items that elicited errors in more than 20% of the trials. 
Furthermore, we eliminated data points with RTs smaller than 200 ms (less 
than 1% of the data). Data trimming removed less than 2% of the data. In 
order to avoid collinearity, subjective frequency and concreteness were 
residualized as a function of cognate status, so that both subjective measures 
were devoid of a cognate effect. 
A model was fitted to the noun RT data including 3013 data points with 
previous RT, cognate status, subjective frequency, and concreteness, as 
predictors. This model indicated significant main effects for all predictors, but 
no significant interactions among any of the predictors. There was no effect of 
nounverb ambiguity (t < 1). The effect of orthographic similarity as measured 
by Van Orden (1987) was significant when cognate status was not included, but 
its effect was smaller than the effect of cognate status, and was therefore 
discarded from the model. The fixed effects of this model are summarized in 
Table 1. Cognate status and subjective frequency also showed to be significant 
predictors of the accuracy data (see Table 1); concreteness and previous RT did 
not contribute to this model.  
 
Table 1 
Fixed effects of Predictors in the Linear Mixed Effects Models for the Noun RT and 
Accuracy Data in Experiment 1. 
 RT  Accuracy 
 Estimate SE t p  Estimate SE t p 
(Intercept) 6.23 0.03 248.86 .000  0.96 0.006 149.51 .000 
Cognate -0.04 0.01 -4.09 .000  0.01 0.007 2.00 .045 
Subjective 
frequency 
-0.04 0.005 -8.19 .000  0.02 0.004 4.52 .000 
Concreteness -0.01 0.004 -3.70 .000  - - - - 
Previous RT 0.0002 0.00002 6.79 .000  - - - - 
 
The RT model revealed a facilitatory effect of cognate status; cognates (M 
= 558 ms, SD = 149) were recognized faster than non-cognates (M = 580 ms, 
SD = 149), F(1, 3008) = 17.06, p < .001. Additionally, the RT model showed 
facilitatory effects of residualized subjective frequency, F(1, 3008) = 62.36, p < 
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.001, and residualized concreteness, F(1, 3008) = 13.41, p < .001, meaning that 
items that had been rated highest in these respects, were also fastest responded 
to. The factor previous RT was shown to have an inhibitory effect, F(1, 3008) 
= 46.16, p < .001, indicating that a slow item tended be followed by another 
slow item. The data did not show any differences between ambiguous nouns 
(M = 569 ms, SD = 151) and unambiguous nouns (M = 569 ms, SD = 147). 
Accuracy data showed facilitatory effects of cognate status, F(1, 3188) = 4.16, p 
< .05, and residualized subjective frequency F(1, 3188) = 20.46, p < .001; 
performance on cognates (M = 97%, SD = 16) was better than on non-
cognates (M = 96%, SD = 20), and performance was better for items that had 
been rated as more frequent. 
 
Verbs   
Errors were removed prior to modelling the RT data (< 4%). Outliers were 
removed following a similar procedure as for the nouns. The data of one 
participant were discarded, because of an error rate of more than 15%. None 
of the items were removed, as there were no items that elicited errors in more 
than 20% of the trials. Furthermore, data points with RTs smaller than 200 ms 
were removed (< 1%). Data trimming removed less than 3% of the data. 
Following procedures for the noun data, subjective frequency was residualized 
as a function of cognate status and word class ambiguity, given that correlation 
analyses pointed to significant correlations between subjective frequency and 
cognate status, and subjective frequency and word class ambiguity.  
The model that best fitted the 3002 data points of the verb RT data 
showed main effects of cognate status, nounverb ambiguity, previous RT, and 
subjective frequency. It furthermore pointed out a trend towards an interaction 
between cognate status and word class ambiguity. There was no effect of 
concreteness (t < 1) and no difference between items that were word class 
ambiguous in the L1 (M = 582, SD = 159) and those for which no such 
overlap was present in L1 (M = 585, SD = 150). Adding the factor word class 
ambiguity in L1 (residualized for correlating factors of word class ambiguity in 
L2, cognate status and subjective frequency) to the model showed no 
significant effect (p = .149); it was therefore discarded from the model. As in 
the analyses for the nouns, Van Orden’s similarity had a significant but smaller 
effect than cognate status, and was therefore discarded. Fixed effects of the 
model are summarized in Table 2. The model on accuracy data revealed 
significant effects of word class ambiguity and residualized subjective 
frequency. The accuracy data also pointed to a marginal effect of cognate status 
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(see Table 2), but there was no contribution of a cognate by word class 
ambiguity interaction.  
 
Table 2 
Fixed Effects of Significant Predictors in the Linear Mixed Effects Model for the Verb RT 
and Accuracy Data in Experiment 1. 
 RT  Accuracy 
 Estimate SE t p  Estimate SE t p 
(Intercept) 6.27 0.02 259.90 .000  0.95 0.01 106.00 .000 
Cognate -0.06 0.01 -5.18 .000  0.03 0.01 2.34 .019 
Ambiguity -0.06 0.01 -4.51 .000  0.02 0.01 1.77 .076 
Subjective frequency -0.05 0.005 -11.22 .000  0.02 0.004 5.14 .000 
previous RT 0.0002 0.00002 8.62 .000  - - - - 
Ambiguity x 
Cognate 
0.03 0.02 1.79 .074  -0.02 0.02 -1.54 .124 
 
Similar to the noun data, RTs to verbs indicated a facilitatory effect of 
cognate status, F(1, 2996) = 29.96, p < .001, showing that cognates (M = 570 
ms, SD = 148) were recognized significantly faster than non-cognates (M = 
598 ms, SD = 156). The verb data further showed a main effect of word class 
ambiguity; word class ambiguous items (M = 573 ms, SD = 153) yielded faster 
responses than unambiguous verbs (M = 595 ms, SD = 151). This difference 
was statistically significant, F(1, 2996) = 21.32, p < .001. The model also 
pointed to a marginally significant interaction between cognate status and word 
class ambiguity, F(1, 2996) = 3.19, p = .07. This interaction indicated that the 
cognate facilitation effect was significant for both the slower unambiguous 
verbs, t(1532.81) = 4.80, p <.001, and the faster ambiguous verbs, t(1544.12) = 
2.80, p < .01, although the effect was smaller for the latter (see Table 3). 
Furthermore, RT data showed effects of previous RT, F(1, 2996) = 74.22, p < 
.001, and subjective frequency, F(1, 2996) = 129.56, p < .001, that went in the 
same direction as for the nouns. We subsequently conducted (Welch two-
sample) t-tests comparing the RTs on ambiguous and unambiguous verbs in 
both blocks to see if the ambiguity effect was confounded with the repetition 
of these items. These showed that participants who had seen the noun block 
prior to the verb block (second presentation of the nounverb), responded 
significantly faster to previously seen ambiguous verbs (M = 570 ms, SD = 
165) than to unambiguous verbs (M = 600 ms, SD = 163), t(1529.79) = 4.01, p 
< .001. A smaller but still significant difference between ambiguous verbs (M = 
576 ms, SD = 140) and unambiguous verbs (M = 590 ms, SD = 138) was 
observed for participants who performed the verb block before the noun block 
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(first presentation of the nounverb), t(1551.23)= 2.33, p < .05. Note that in 
spite of the different effect sizes, the model presented here was not improved 
by the inclusion of an interaction between block and word class ambiguity; a 
comparison of models showed no effect (p = .205). An overview of the mean 
RTs per word class can be found in Table 3.  
The model on the accuracy data indicated a facilitatory effect of subjective 
frequency, F(1, 3192) = 25.73, p < .001. Furthermore, the model suggested a 
small effect of cognate status, with better performance for cognates (M = 97%, 
SD = 16) than non-cognates (M = 96%, SD = 20), but this was not significant 
in the analysis of variance, F(1, 3192) = 3.12, p = .10. Likewise, performance 
on ambiguous verbs (M = 97%, SD = 17) was better than on unambiguous 
verbs, (M = 96%, SD = 19), as indicated by the model (see Table 2). Yet, the 
word class ambiguity effect was not significant in the analysis of variance, F < 
1.  
 
Table 3 
Reaction Times (ms) by Condition for the Verbs and Nouns in Experiment 1. 
 Verb Noun 
 Non-cognate Cognate Difference Non-cognate Cognate Difference 
Condition RT (SD) RT (SD)  RT (SD) RT (SD)  
Unambiguous 612 (154) 578 (147) 34 ms 581 (144) 558 (150) 23 ms 
Ambiguous 584 (158) 563 (148) 21 ms 580 (153) 558 (149) 22 ms 
Difference 28 ms 15 ms  1 ms 0 ms  
 
 
Discussion 
We studied the effects of cognate status and word class ambiguity for both 
nouns and verbs. For nouns, a cognate facilitation effect was observed in the 
RT and accuracy data. There were no differences between word class 
unambiguous and ambiguous nouns in terms of RTs or accuracy, suggesting 
that nouns do not benefit from an additional verb reading. For verbs, the 
results showed both cognate and ambiguity effects. These effects also occurred 
simultaneously, so that word class ambiguous cognate verbs yielded the fastest 
reaction times. This suggests that verb processing benefits both from the extra 
reading in another grammatical class and from the reading in the other 
language, although items benefit less from word class overlap when cross-
linguistic overlap is also present. The word class unambiguous non-cognate 
items, which had no other formally overlapping readings either in the same 
language or in the other language of the participants, were responded to 
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slowest. Additionally, response times to nouns and verbs were shown to be 
influenced by subjective frequency, response times for the previous item, and, 
in case of nouns, also concreteness.  
The cognate effect obtained for verbs suggests co-activation of the 
English and Dutch forms of a cognate verb for a Dutch-English bilingual, 
extending the commonly found cognate effect for nouns to a different 
syntactic category. Other than we predicted, the data suggested no difference in 
cognate facilitation between nouns and verbs; the observed facilitation effect 
for verbs was not smaller than that for nouns (see Table 3). Because the 
cognate verbs were never form identical between the two languages, this 
finding is in line with other studies showing that the cognate facilitation effect 
is not exclusive to identical cognates (e.g., Dijkstra et al., 1999; Van Assche, 
Drieghe, Duyck, Welvaert, & Hartsuiker, 2011). In fact, the cross-language 
orthographic overlap for cognate verbs in this experiment was rather low 
(mean Van Orden measure = .59); yet, the less than perfect form overlap 
between verb forms was enough for a cognate effect to occur. 
The ambiguity advantage in response times to verbs occurred despite the 
presence of language-specific articles and pronouns, which provided a context 
that presented participants both with a language cue and a syntactic cue. Also, 
the effect arose despite the matching of unambiguous verbs with ambiguous 
verbs based on cumulative frequency of the nounverbs. Furthermore, the effect 
was shown even on the first presentation of a nounverb. This indicates that the 
ambiguity effect is more than a repetition or a frequency effect, and may rather 
reflect co-activation of the noun and verb readings. This is in contrast with data 
from De Jong (2002), which suggested that a minimally disambiguating context 
can constrain the activation of word class ambiguous items in L1 processing. 
The finding of an ambiguity effect in L2 can be related to the fact that the 
bilinguals in our study were less proficient in their L2, which could lead to less 
constrained activation (see also Elston-Güttler & Friederici, 2005). Seeing a 
nounverb for the second time did increase performance on such an item. 
Nevertheless, the advantage for word class ambiguous verb items was found in 
both blocks, making it similar to that found in monolingual studies (see Rodd 
et al., 2002). The results of other studies, however, do not suggest differences 
in word class ambiguity with respect to word class (e.g., Lee & Federmeier, 
2006; Lemhöfer et al., 2008).  
These results suggest differences between noun and verb processing. The 
absence of facilitatory processing for nouns overlapping with a verb in the 
present study could be due to a ceiling effect, given that nouns were processed 
faster than verbs. Furthermore, the combined effects of word class ambiguity 
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and cognate status for verb items suggests that verbs benefit more from 
overlap than nouns. Because processing times for verbs are longer, there is 
more room for overlap effects to occur. 
However, the results of Experiment 1 did not allow for a direct 
comparison between word classes, because of differences in matching for the 
nouns and verbs with regard to concreteness and frequency. Nouns were more 
concrete than verbs, and a comparison of word form frequencies of noun and 
verb readings of ambiguous items in CELEX confirms that, over all, noun 
readings of nounverbs are substantially more frequent than verb readings. This 
may have influenced the word class differences observed in the data with 
respect to ambiguity effects. In a subsequent experiment, we used a different 
set of stimuli that were matched on these variables across our manipulations of 
cognate status and word class ambiguity, but also across word class, so that 
nouns and verbs were more similar. This allowed for a direct comparison 
between nouns and verbs regarding cognate and ambiguity effects in one and 
the same design. In Experiment 2, we expected to replicate the results of 
Experiment 1. Cognate effects were again predicted for both nouns and verbs, 
whereas ambiguity effects were only predicted to occur for verbs. In 
comparison to Experiment 1, ambiguity effects should be smaller given that the 
frequencies of noun and verb readings for nounverbs were now more balanced. 
 
Experiment 2: A direct comparison of nouns and verbs 
Method 
Participants  
Twenty-eight Dutch-English bilinguals (27 females), students drawn from the 
Radboud University participant pool, took part in the experiment, all of whom 
had normal or corrected-to-normal vision and were between 18 and 28 years of 
age (M = 21.61, SD = 2.59). All participants were native speakers of Dutch and 
had learned English at school as an L2 starting around the age of 10. Their 
average score on the English version of XLex vocabulary knowledge test 
(Meara, 2006) of 85.76% (SD = 9.04) indicated that they were highly proficient 
learners of English. Participants were paid a small amount of money or 
received course credit for their participation. 
 
Stimulus materials  
Similar to Experiment 1, we manipulated cognate status and nounverb 
ambiguity orthogonally, but in the present experiment noun and verb items 
were matched directly to allow for a comparison between nouns and verbs, 
which lead to a 2 (noun vs. verb) x 2 (cognate vs. non-cognate) x 2 (word class 
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unambiguous vs. word class ambiguous) design. Twenty English items were 
selected in each of the eight conditions, yielding 160 target items overall (80 for 
each list). The ambiguous items in the noun and verb conditions were identical 
for the cognate condition and nearly identical for the non-cognates (see 
Appendix II). Ambiguous items were presented twice, in both the noun and 
verb lists. Because of the many restrictions involved in the matching procedure, 
matching was done based on categories rather than on an item-by-item basis.  
Prior to selecting stimulus materials for the experiment, we obtained 
ratings of semantic similarity between translation equivalents in English and 
Dutch to check for differences between nouns and verbs (based on Van Hell & 
De Groot, 1998). Sixty-one participants, drawn from the same participant pool 
as in Experiment 1, rated 340 different items on cross-language semantic 
similarity on a 5-point scale, with 5 indicating very similar meanings in both 
languages. Each participant saw only 180 target pairs, containing either the 
noun or the verb reading of the ambiguous items and its Dutch translation. 
English verb items were presented in their infinitival form (e.g., ‘to dance’); 
nouns were presented in singular form without an article and 20 dissimilar 
items were added to the list as fillers. The ratings indicated that selected nouns, 
verbs and nounverbs for Experiment 2 had similar semantic overlap between 
languages (see Appendix IV). 
All target items were between 3 and 7 letters long. Across all categories, 
items were matched on word length, cumulative frequency of the noun and 
verb reading, concreteness (all p’s > .10), and English neighbourhood density (p 
> .05) (see Appendix IV). Nounverbs had similar frequencies in their noun and 
verb readings (frequency ratio around 1; see Burton et al., 2009).  
For both nouns and verbs, ambiguous and unambiguous cognates were 
matched as closely as possible on cross-language similarity between the Dutch 
and English translation equivalents as expressed by Van Orden’s orthographic 
similarity measure. To this end, we chose as many non-identical noun cognates 
as possible, so that they were more similar to verbs. In spite of that, nouns still 
had more between-language overlap than verbs, because infinitival forms of 
Dutch verbs are generally made up of a stem plus an -en suffix (the verb ‘to 
drink’ is translated as ‘drinken’). To overcome this problem of a difference of 
two extra letters, we also calculated the Van Orden’s similarity for word stems, 
and matched noun cognates with verb cognates on this measure. In spite of 
our efforts, it turned out to be impossible to obtain a perfect match on cross-
language orthographic similarity. Selected verb cognates were characteristically 
less overlapping than noun and nounverb cognates. Some of the discrepancy 
seemed to originate from systematic spelling differences between English and 
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Dutch that affect the Van Orden’s measure for short words immensely, 
although the words are phonologically very similar (e.g., ‘see’- ‘zie’, ‘sit’-‘zit’, 
‘come’-‘kom’).  
Furthermore, 80 pseudo words were added to each list, which were 
matched to the test items on length. Pseudo words were created by changing 
one or more letters in existing English words that were not included as target 
words, not constraining boundaries of English phonotactics and resembling 
nouns or verbs with regard to their suffix. All items were presented in a 
minimally syntactically disambiguating context, similar to Experiment 1. 
 
Procedure  
The procedure was similar to that in Experiment 1; again the presentation of 
nouns and verbs was blocked, the order of which was counterbalanced across 
participants, and nounverbs occurred twice. 
 
Results 
RTs and accuracy data were analysed with a linear mixed effects model with 
participant and item as random effects. The data of the noun and verb lists 
were analysed in one model, in order to make a direct comparison. We 
examined the effects of our manipulated factors word class, cognate status, and 
word class ambiguity, as well as previous RT and subjective frequency. As in 
Experiment 1, we checked for effects of word class ambiguity for items in the 
participant’s L1 and block in case of an ambiguity effect. Prior to determining 
the model with the best fit, cases of collinearity were determined. Therefore, 
subjective frequency was residualized as a function of cognate status and word 
class ambiguity. Here we report fixed effects of trimmed versions of the best 
models (see Tables 5 and 6), and the outcomes of the subsequently performed 
analyses of variance on the linear mixed effects model, which are reported in 
the text. RT data were log transformed to correct for non-normal distributions.  
Prior to analysing the RT data, incorrect answers were removed. The 
overall error rate on the word items was smaller than 3%. All participants 
performed with an error rate of less than 15% (M = 95%, SD = 3). Three noun 
and three verb items were discarded, because they elicited 20% errors or more; 
among these items were two ambiguous non-cognate noun and one 
unambiguous non-cognate noun, and an unambiguous non-cognate verb, an 
ambiguous non-cognate verb and an unambiguous cognate verb (deleted items 
are marked with an * in Appendix II). Furthermore, RTs smaller than 200 ms 
were removed (< 1%). Data trimming removed about 3% of the data. An 
overview of the mean RTs per word category can be found in Table 4.  
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Table 4 
Reaction Times (ms) by Condition for the Verbs and Nouns in Experiment 2 
 Verb Noun 
 Non-cognate Cognate Difference Non-cognate Cognate Difference 
Condition RT (SD) RT (SD)  RT (SD) RT (SD)  
Unambiguous 622 (158) 595 (148) 27 ms 593 (146) 564 (139) 29 ms 
Ambiguous 589 (149) 566 (143) 23 ms 587 (144) 566 (156) 21 ms 
Difference 33 ms 29 ms  6 ms -2 ms  
 
A model was fitted to the RT data including 4062 data points with word 
class, cognate status, word class ambiguity, subjective frequency, and previous 
RT as predictors. This model indicated a significant two-way interaction 
between word class and word class ambiguity. Furthermore, it showed 
significant main effects of word class, cognate status, subjective frequency, and 
previous RT. There was no three-way interaction between class, cognate status, 
and word class ambiguity (t < 1), and no significant effect of word class 
ambiguity in L1 (t < 1). When the factor cognate status was replaced by the 
factor Van Orden’s similarity, the latter showed a significant but smaller effect 
than cognate status and was therefore discarded. Fixed effects are summarized 
in Table 5. The model on accuracy data revealed significant effects of word 
class, cognate status, and subjective frequency, but there were no effects of 
word class ambiguity or an interaction thereof with word class (see Table 6). 
 
Table 5.  
Fixed Effects of the Linear Mixed Effects Model on RTs. 
 Estimate SE t p 
(Intercept) 6.31 0.03 219.67 .000 
Word class 0.04 0.01 3.39 .000 
Cognate -.04 0.007 -5.48 .000 
Ambiguity -0.01 0.01 -1.02 .309 
Subjective frequency -0.04 0.004 -9.91 .000 
Previous RT 0.0001 0.00002 5.33 .000 
Ambiguity x Word class  -0.03 0.01 -2.24 .025 
 
The linear mixed effect model showed a main effect of cognate status, 
F(1,4055) = 30.97, p < .001, which reflected that cognates (M = 572 ms, SD = 
146) were recognized significantly faster than non-cognates (M = 598 ms, SD 
= 150); this effect was independent of word class or word class ambiguity. The 
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data further pointed to a two-way interaction between word class and word 
class ambiguity, F(1, 4055) = 5.00, p < .05, which indicated that the word class 
ambiguity effect was present for verbs, but not for nouns (see Table 4 and 
Figure 1). Subsequent t-tests comparing the RTs to ambiguous and non-
ambiguous items confirmed a significant difference for verbs, t(2080.93) = 
5.15, p < .001, with faster responses to ambiguous verbs (M = 577, SD = 146) 
than unambiguous verbs (M = 608, SD = 154). There was no difference 
between ambiguous items (M = 576, SD = 151) and unambiguous items, (M = 
578, SD = 142) in the noun list (t < 1). Furthermore, the data showed a main 
effect of word class, F(1, 4055) = 14.40, p < .001, indicating that nouns (M = 
577, SD = 146) were recognized faster than verbs (M = 592, SD = 151). Lastly, 
the data showed a facilitatory effect of subjective frequency, F(1, 4055) = 
104.37, p < .001, and an inhibitory effect of previous RT, F(1, 4055) =28.73, p 
< .001 similar to Experiment 1. Regarding the ambiguity effect for verbs, we 
tested whether it was present both on first and second presentation. T-tests 
comparing the RTs on word class ambiguous and unambiguous verb items 
showed that participants who had been presented with the verb block after 
they had previously seen the nounverb items in the noun block showed a 
significant difference between nounverbs (M = 549, SD = 128) and verbs (M = 
599, SD = 155), t(1088.98) = 6.02, p < .001. Participants who had been 
presented with the verbs in the first block showed a much smaller difference 
between nounverbs (M = 611, SD = 158) and verbs (M = 619, SD = 153), 
which did not reach significance, t(968.78) = 1.14, p = .25). Despite the 
different findings regarding the ambiguity effect for block presentation, the 
model presented here was better than a model that included an interaction 
between word class ambiguity and block (p < .001). 
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Figure 1. Mean reaction times (SE) for cognate and ambiguity manipulations in 
nouns and verbs. 
 
The accuracy data revealed a significant effect of cognate status, F(1, 4296) = 
20.58, p < .001, with better performance for cognates (M = 99%, SD = 12) 
than for non-cognates (M = 96%, SD = 19). There was also a facilitatory effect 
of subjective frequency, F(1, 4296) = 33.68, p < .001. There was no effect of 
word class, F(1, 4296) = 2.98, p = .10; performance was similar for nouns (M = 
98%, SD = 15) and for verbs (M = 97%, SD = 17). The accuracy data showed 
no effect of word class ambiguity, F(1, 4296) = 2.30, p = .10, nor an interaction 
between word class and word class ambiguity (F < 1).  
 
Table 6.  
Fixed Effects of the Linear Mixed Effects Model on Accuracy. 
 Estimate SE t p 
(Intercept) 0.96 0.01 135.32 .000 
Word class -0.02 0.01 -0.25 .799 
Cognate 0.02 0.01 4.53 .000 
Ambiguity -0.001 0.01 1.50 .133 
Subjective frequency 0.02 0.003 5.84 .000 
Ambiguity x Word class -0.01 0.01 -0.66 .511 
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Discussion 
Experiment 2 directly compared nouns and verbs by matching the items on 
relevant variables not only between conditions, but also between the two word 
classes. This meant that nouns and verbs were more comparable in terms of 
concreteness, frequency, and cross-language overlap, and that nounverbs were 
controlled for frequency of their noun and verb readings. We largely replicated 
the effects found in Experiment 1. The RT and accuracy data in the lexical 
decision tasks pointed to facilitatory processing for both noun and verb 
cognates. The word class ambiguity effect that was shown to affect verbs in 
Experiment 1 was less prominent in Experiment 2. Although the ambiguity 
advantage was present for verbs, it only arose when the ambiguous verbs, 
which largely overlapped between the noun and verb list, were presented for a 
second time in the experiment. There was only a numerical difference between 
unambiguous and ambiguous verbs upon the first presentation of these items. 
Note that the ambiguity effect in Experiment 1 also increased as the items were 
presented for a second time. The pattern observed in Experiment 2 suggests 
that the ambiguity advantage is a more subtle effect than the cognate effect. In 
line with Experiment 1, the data of Experiment 2 indicate that the ambiguity 
effect is only present for verbs, but not for nouns, suggesting that response 
times to nouns are almost at ceiling. Both noun and verb processing were 
largely dependent on subjective frequency, which was mostly responsible for 
variation in the RT and accuracy data. In spite of cross-linguistic activation, 
neither experiment showed an effect of ambiguity in L1. Note, however, that 
there is considerable collinearity between ambiguity in L1 and L2. It is possible 
that after residualizing the factor of ambiguity in L1, its effect became non-
significant. 
The differential findings for the two experiments concerning word class 
ambiguity can be explained by the stricter matching of frequency for the two 
readings of the nounverbs. Compared to Experiment 1, the nounverbs had 
more similar frequencies in their noun and verb readings, which may account 
for the smaller effect of word class ambiguity in Experiment 2. Where the 
more frequent noun readings of the nounverbs in Experiment 1 may have been 
beneficial to the verb readings thus boosting the word class ambiguity effect, 
the nounverbs in Experiment 2 could benefit less from their (better matched) 
noun frequencies, thus showing no word class ambiguity upon first 
presentation of the item. This suggests once more that noun representations 
are activated faster than verb representations.  
Similar to Experiment 1, word class ambiguous cognates were the fastest 
category among the verbs, showing a trend towards an interaction between 
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cognate and ambiguity effects. With a more constrained stimulus set, we find 
no evidence for the previously observed trend. Because unambiguous verbs 
were slower in Experiment 2 relative to Experiment 1, the ambiguity effect was 
now similar in size for cognate and non-cognate verbs.  
 
General Discussion 
This study examined the effects of between-language cognate effects and 
within-language ambiguity effects on the L2 processing of nouns and verbs in 
Dutch-English bilinguals. The data of two lexical decision experiments showed 
that where noun processing was subject to cognate status, verb processing was 
influenced by cognate status as well as word class ambiguity.  
With regard to cognate effects, the present study is consistent with earlier 
ones reporting bilingual activation both in isolation and in a language-specific 
context for nouns (e.g., Dijkstra et al., 1999; Duyck et al., 2007; Van Hell & De 
Groot, 2008) and extends findings for a verb cognate effect in word association 
(Van Hell & De Groot, 1998). This study confirms that recognition of cognates 
is affected by a simultaneous activation of form representations in two 
languages, which need not overlap completely for the effect to occur. This is in 
agreement with the notion of language non-specific activation, suggesting that 
cognates have separate lexical representations in each language that are co-
activated upon word presentation. Although verbs have on average less cross-
language semantic and orthographic overlap, the cognate effect was shown to 
generalize to verbs when these were included in a phrasal context, which 
demanded little morpho-syntactic processing. Future studies should determine 
to what extent verb cognates show facilitation in a full-fletched sentence 
context. More language-specific syntactic and morphological processing might 
reduce the amount of co-activation for verb cognates in sentence context (see 
Vigliocco et al., 2011). 
Furthermore, with respect to the verbs, we replicated the word class 
ambiguity advantage indicated for monolinguals (Rodd et al., 2002). Lemhöfer 
et al. (2008) also reported such a finding as a side effect in a progressive 
demasking paradigm conducted with bilinguals, without specifying it by word 
class. The ambiguity effect in the present study showed up as a word class 
specific effect in that only verb readings of nounverbs were supported by an 
additional noun representation, whereas noun readings of nounverbs did not 
benefit from an additional verb reading. Furthermore, the ambiguity effect for 
verbs was particularly strong when nounverbs had higher noun frequencies. 
The results suggest that in particular verb recognition profits from multiple 
representations in bilingual memory. Activation of a verb representation occurs 
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faster if it receives activation from multiple representations at a form level both 
across languages and across word classes. Interpreted within a localist 
connectionist approach, this implies that a semantic representation, shared at 
least to some degree between word classes and between languages, is fed by 
activation from one or more representations at the form level. This account is 
in line with the argumentation of other studies that explain effects of form 
overlap in terms of interactivity or resonance between lexical and semantic 
levels (Dijkstra & Van Heuven, 2002; Pecher, 2001; Pexman & Lupker, 1999; 
Van Hell & De Groot, 1998). 
The word class specific findings concerning the ambiguity effect indicated 
processing differences between nouns and verbs. Only verbs benefit from 
word class ambiguity, and mostly so when the noun reading of such an item is 
more frequent. A more general difference between noun and verb processing is 
suggested by the slower processing times for verbs compared to nouns. These 
word class differences can be related to the general finding of greater 
processing demands associated with verbs due to more complex 
representations regarding semantics, syntax, and morphology (Vigliocco et al., 
2011). This is also supported by neuro-imaging evidence showing higher levels 
of cortical activity when reading verbs as compared to nouns (e.g., Chan et al., 
2008; Perani et al., 1999). This suggests that processing of verbs is more 
effortful, which may especially affect L2 processing - as proposed by the 
Distributed Features account (Van Hell & De Groot, 1998). Processing 
differences between nouns and verbs may be related to the mapping of L2 
representations onto L1 representations during L2 learning. Similar to the 
notion that form overlap of cognates could enhance direct mapping in learners, 
it could also be argued that L2 nouns are more easily mapped onto L1 nouns 
than L2 verbs are onto L1 verbs, because nouns are conceptually more similar 
between languages (i.e., more concrete). For verbs, mapping of representations 
in L1 may be more difficult, due to their more language-specific use and a 
larger morphological complexity in comparison to nouns. Because of these 
complex representations, verbs are activated slower than nouns; hence there is 
more room for facilitatory effects to occur. Therefore, verbs benefit from form 
overlap across languages and across categories, which can speed up activation. 
It must be noted that verb cognates in this study were also orthographically 
more dissimilar than nouns. The within-language overlap may therefore have 
been more beneficial for verbs, given that a ceiling effect could have been 
reached for nouns. Yet, the word class specific pattern observed for the 
ambiguity effect need not be exclusive to bilingual processingi. Because nouns 
are generally activated faster in both monolingual (e.g., Gentner, 1981) and 
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bilingual processing (Baayen et al., 2003; Van Hell & De Groot, 1998), 
monolinguals are likely to show a similar pattern regarding word class 
ambiguity effects. Also note that the observed effect of word class ambiguity is 
particularly relevant for bilinguals who have English as one of their languages. 
Many other languages with more extensive morphology make a distinction 
between nouns and verbs, and it remains to be seen if word class ambiguity 
effects also occur when noun and verb forms do not show complete overlap.  
The account sketched here explains facilitatory effects of largely 
overlapping forms in terms of cross-language and cross-category lexical 
activation. Indisputably, speed of recognition also depends to a large degree on 
frequency of usage, as was indicated by the analyses which showed that first 
and foremost, subjective frequency was the best predictor of noun and verb 
recognition latencies (see also Gollan et al., 2011). Similar or identically written 
forms strengthen the activation patterns due to a larger frequency of usage, in 
accordance with activation patterns observed in the data. The effect of 
overlapping form and that of frequency are inseparable, and operate in a similar 
way (see Strijkers, Costa, & Thierry, 2010). Although the present data preclude 
an explanation solely in terms of frequency effects, we acknowledge that 
frequency has a role to play in the co-activation process. Because a 
representation in the mental lexicon is shaped by experience with a word, 
which is logically related to the number of occurrences, it is clear that the 
frequency of an identical cognate or nounverb is higher than the frequency of 
one reading of that word suggests. In the same vein, Strijkers and colleagues 
argued that cognates activate representations in both the target and the non-
target language, and such co-activation may arise even when they are not 
identical. When a non-cognate is encountered, its reading in the other language 
need not be activated directly (but see Dimitropoulou et al., 2011; Thierry & 
Wu, 2007; Wu & Thierry, 2010 for non-target activation of non-cognates); this 
can explain why cognates are characterized by a higher subjective frequency 
than non-cognates. In a similar way, frequency differences may affect noun and 
verb processing. The particular (singular) form in which the nouns occurred in 
our experiment is often more frequent than the infinitival verb form used given 
that verbs regularly occur as inflected forms in daily use, which may have 
influenced the word class and ambiguity findings to some degree. Effects of 
form overlap thus go hand in hand with those of a higher frequency, and they 
jointly influence activation patterns in lexical decision. 
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Conclusion 
In all, the present evidence for facilitatory effects of word class ambiguity in 
combination with a cognate effect strongly suggests that lexical representations 
with overlap in form and meaning are closely linked in the bilingual’s mental 
lexicon. Activation is not only non-specific across language boundaries, but can 
also be non-specific with respect to syntactic word class boundaries in L2, even 
in a disambiguating context. The word class ambiguity effect is word class 
dependent, however, given that the overlap affected verbs more than nouns. 
The more complex representation of verbs, particularly in L2, induces slower 
activation, which makes this word class more liable to effects of form overlap. 
Nouns benefit less from form overlap with verbs, given that nouns are 
naturally activated faster because their representations are more stable and 
more specific. These data strengthen the assumption of a fully integrated 
lexicon and indicate that experience with any written word form shapes the 
processing and the underlying lexical representations in the bilingual mental 
lexicon. In addition, the present data point out that when one investigates 
lexical form overlap, all forms of a target word within and between languages 
should be considered, because each additional form may increase the 
facilitatory effect in processing. 
 
Cognate and word class ambiguity effects | 57 
 
APPENDIX I: noun stimulus materials Experiment 1 
Cognates Non-cognates 
Ambiguous noun Unambiguous noun Ambiguous noun Unambiguous noun 
win rib try art 
ski week need fact 
work cent play case 
help baby stay hour 
hope hall walk city 
cost tent rule home 
test oven push road 
film hotel vote unit 
hate route jump meat 
style radio dress dirt 
race media fool arrow 
click title rush money 
drink robot hunt adult 
start insect cure novel 
water ball bully movie 
plant menu smile bullet 
class text voice bird 
split apple sound liar 
dance chaos blame aunt 
storm trend paint error 
alarm status brush fairy 
filter winter gossip tribe 
sprint partner spoon witch 
bundle student regret window 
sponsor grass torture prison 
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APPENDIX I: verb stimulus materials Experiment 1 
Cognates Non-cognates 
Ambiguous verb Unambiguous verb Ambiguous verb Unambiguous verb 
win see try buy 
ski sit need get 
work eat play ask 
help make stay add 
hope come walk know 
cost find rule tend 
test hang vote quit 
film clap jump deny 
hate sing fool sell 
click bring rush pray 
drink begin hunt save 
start bleed cure shut 
plant steal bully earn 
split infect smile write 
dance assist sound solve 
storm invest blame spoil 
alarm inform paint adjust 
filter select brush prove 
sprint accept gossip seduce 
bundle mislead regret injure 
sponsor realize torture betray 
fish inspect take borrow 
wash analyse talk depend 
kiss inspire cough resist 
sweat publish spice attach 
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APPENDIX II: noun stimulus materials Experiment 2 
Cognates Non-cognates 
Ambiguous noun Unambiguous noun Ambiguous noun Unambiguous noun 
dance baby bruise* adult 
drink chaos brush case 
film concept cure* city 
filter dilemma damage destiny 
hate drama jump dirt 
help expert gossip editor 
hope hall dress error 
pause hotel hunt fact 
plan photo look home 
plant radio lecture hour 
protest status paint liar 
respect student promise meat 
sleep table rush money 
sponsor team reply movie 
sprint text search novel 
start title smile prison 
stop trend sound safety 
storm week torture tribe* 
test wine vote unit 
work winter walk witch 
*outlier 
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APPENDIX II: verb stimulus materials Experiment 2 
Cognates Non-cognates 
Ambiguous verb Unambiguous verb Ambiguous verb Unambiguous verb 
dance accept bruise* add 
drink analyse brush ask 
film bake cure attach 
filter begin damage borrow 
hate bleed gossip bury* 
help bring hunt buy 
hope come lecture decide 
pause eat look destroy 
plan find love earn 
plant hang need explain 
protest hinder paint injure 
respect inform promise protect 
sleep inspect reply prove 
sponsor invest rush quit 
sprint make search receive 
start observe* smile resist 
stop see sound sell 
storm select torture shut 
test sing vote solve 
work sit walk write 
*outlier 
Note: the nounverbs in the noun and verb list are identical, apart from 2 items. This is due 
to different concreteness ratings for the items in the noun and verb conditions. 
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APPENDIX III: matching in Experiment 1  
Nouns 
 Word class ambiguous  Word class unambiguous 
 Non-cognate Cognate  Non-cognate Cognate 
Word length 4.6 (.87) 4.72 (.94)  4.56 (.77) 4.84 (.99) 
Cumulative log frequency 1.99 (.52) 1.96 (.62)  1.91 (.53) 1.74 (.48) 
Subjective frequency 4.11 (.85) 4.63 (1.08)  3.98 (1.08) 4.58 (.92) 
Concreteness 4.00 (1.28) 4.31 (1.08)  4.86 (1.07) 5.28 (1.26) 
Neighbourhood density 6.12 (3.56) 6.28 (5.14)  4.52 (4.05) 5.24 (5.51) 
Van Orden 0.12 (.13) 0.8 (.23)  0.15 (.16) 0.94 (.11) 
 
 
Verbs 
 Word class ambiguous  Word class unambiguous 
 Non-cognate Cognate  Non-cognate Cognate 
Word length 4.56 (.87) 4.64 (.95)  4.64 (1.11) 5.24 (1.39) 
Cumulative log frequency 2.00 (.63) 1.9 (.60)  1.91 (.66) 2.03 (.75) 
Subjective frequency 4.08 (.94) 4.44 (1.10)  3.98 (.94) 4.15 (.98) 
Concreteness 4.5 (1.05) 4.82 (.96)  3.93 (.86) 4.37 (.97) 
Neighbourhood density 6.84 (3.70) 5.88 (4.97)  5.52 (4.77) 6.32 (6.68) 
Van Orden 0.12 (.11) 0.62 (.20)  0.12 (.09) 0.54 (.23) 
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APPENDIX IV: matching in Experiment 2 
Nouns 
 Word class ambiguous  Word class unambiguous 
 Non-cognate Cognate  Non-cognate Cognate 
Word length 5.15 (1.09) 5.00 (1.08)  4.80 (.89) 5.15 (1.04) 
Cumulative log frequency 1.94 (.48) 2.06 (.61)  1.90 (.54) 1.85 (.43) 
Subjective frequency 4.02 (.92) 4.94 (.98)  4.18 (1.06) 4.96 (.68) 
N/V frequency ratio 0.92 (.28) 0.95 (.45)    
Semantic similarity 4.14 (.37) 4.54 (.27)  4.42 (.41) 4.63 (.25) 
Concreteness 4.37 (1.02) 4.22 (1.08)  4.41 (1.11) 4.65 (1.51) 
Neighbourhood density 5.63 (4.01) 5.24 (4.83)  3.95 (4.38) 4.50 (5.88) 
Van Orden  0.16 (.13) 0.88 (.16)  0.15 (.18) 0.89 (.18) 
 
Verbs 
 Word class ambiguous  Word class unambiguous 
 Non-cognate Cognate  Non-cognate Cognate 
Word length 5.10 (1.12) 5.00 (1.08)  5.10 (1.41) 4.95 (1.36) 
Cumulative log frequency 2.01 (.54) 2.06 (.61)  1.97 (.49) 2.13 (.79) 
Subjective frequency 4.19 (1.08) 4.94 (.98)  4.05 (.81) 4.28 (1.07) 
N/V frequency ratio 1.12 (.24) 1.08 (.47)    
Semantic similarity 4.26 (.32) 4.56 (.17)  4.37 (.34) 4.49 (.30) 
Concreteness 4.61 (1.13) 4.48 (.99)  4.43 (.59) 4.56 (.86) 
Neighbourhood density 6.38 (4.67) 5.24 (4.83)  4.40 (3.45) 8.53 (6.93) 
Van Orden (based on stem) 0.11 (.08) 0.87 (.17)  0.11 (.09) 0.69 (.20) 
 
1 We performed an additional analysis to further investigate the effect of word class 
ambiguity for nouns on the basis of monolingual data in the English Lexicon Project. In 
line with the pattern observed in our data, the monolingual RT data for the items used in 
our experiments showed that the word class ambiguity effect was present for verbs 
[Experiment 1: F(1,95) = 8.37, p <.01; Experiment 2: F(1,72) = 7.72, p < .01], but that no 
significant effect was present for nouns [Experiment 1: F(1,96) = 2.55, p = .114; 
Experiment 2: F(1,73) = 1.78, p = .186]. Cognate effects were not present for either word 
class in both experiments (all F’s < 1). The pattern for word class ambiguity effects 
suggests that the lack of a word class ambiguity effect for nouns is not specific to 
bilinguals. 
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CHAPTER 3 
Cognate facilitation effects in sentence context 
depend on word class, L2 proficiency and task 
 
 
 
 
 
 
 
 
 
 
Abstract: Noun translation equivalents that share orthographic and semantic features, 
called ‘cognates’, are generally recognized faster than translation equivalents without 
such overlap. This cognate effect, which has also been obtained when cognates and non-
cognates were embedded in a sentence context, emerges from the co-activation of 
representations in two languages. The present study examined if cognate facilitation in 
sentences is subject to effects of word class, reading proficiency in a second language 
(L2), and task demands. We measured eye-movements (Experiment 1) and self-paced 
reading times (Experiment 2) for Dutch-English bilinguals reading L2 sentences that 
contained either a noun or a verb cognate. Results showed that cognate effects were 
smaller for verbs than for nouns. Furthermore, cognate facilitation was reduced for 
readers with a higher proficiency in L2 as expressed by self-ratings or reading speed in 
L2. Additionally, the results of the eye-movement study and the self-paced reading study 
indicated that the likelihood of observing cognate facilitation effects also depends on 
task demands. The obtained pattern of results helps to identify some of the boundaries 
of the cognate effect.  
 
Bultena, S., Dijkstra, T., Van Hell, J.G. (accepted). Cognate facilitation effects in 
sentence context depend on word class, L2 proficiency and task. Quarterly Journal of 
Experimental Psychology. 
  
Cognate effects in sentence context | 65 
 
Chapter 3 
 
In the last decades, numerous studies have shown that for bilinguals, language 
processing in one language is not restricted to representations from that one 
language only, but extends to those of the other language. Cross-linguistic 
effects on language processing were observed in many different paradigms, 
implying non-target language activation of lexical semantics, orthography, and 
phonology (e.g., Beauvillain & Grainger, 1987; Costa, Caramazza, & Sebastián-
Gallés, 2000; Dijkstra, Grainger, & van Heuven, 1999; Van Hell & De Groot, 
1998; Wu & Thierry, 2010). For example, when reading a text in one language, 
bilinguals activate representations from both languages, especially when an 
input letter string is shared between those languages. This benefits the 
processing of words that are highly similar across two languages and has been 
taken as evidence that the process of lexical access is language non-specific (see 
De Groot, 2011, for a review). The present study examines to what extent such 
effects of cross-language activation in word recognition are influenced by 
specific characteristics of the stimuli, participants, and task. 
Research on word recognition in bilinguals has often focussed on the 
comparison of cognate and non-cognate processing (for reviews, see Dijkstra, 
2005; Van Assche, Duyck & Hartsuiker, 2012). Cognates are translation 
equivalents that are orthographically similar between a bilingual’s first language 
(L1) and their second language (L2), such as the English-Dutch word 
‘museum’. In this example, the word is spelled identically in the two languages, 
but the general definition of cognates also includes English-Dutch translation 
pairs such as ‘photo’-‘foto’ or ‘music’- ‘muziek’ (sometimes referred to as near 
cognates), which are similar but not identical in spelling and pronunciation. 
The combination of meaning and form overlap gives rise to a cognate 
facilitation effect, which entails that cognates are processed faster and with 
fewer errors than non-cognate words. Cognate facilitation effects have been 
observed for words presented out of sentence context, in a wide variety of 
tasks, including lexical decision (e.g., Dijkstra et al., 1999), progressive 
demasking (Lemhöfer et al., 2008), semantic categorization (e.g., Dufour & 
Kroll, 1995), and picture naming (e.g., Costa et al., 2000; Poarch & van Hell, 
2012). The facilitation effect is largely sustained when cognates are embedded 
in a semantically low-constraint sentence context (e.g., Duyck et al., 2007; 
Libben & Titone, 2009; Schwartz & Kroll, 2006; Van Hell & de Groot, 2008). 
In addition to behavioural evidence, ERPs also point to facilitatory processing 
for cognates in terms of a reduced N400 (Midgley, Holcomb, & Grainger, 
2011; Yudes, Macizo, & Bajo, 2010; but see Strijkers, Costa, & Thierry, 2010, 
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for earlier effects). The facilitation effect is taken as evidence for co-activation, 
i.e., the activation of representations from both languages upon presentation of 
cognate words. The magnitude of the cognate effect appears to depend on the 
amount of orthography and phonology shared across languages: More co-
activation is observed for cognates that have a higher degree of form overlap 
(Dijkstra et al., 1999; Dijkstra, Miwa, Brummelhuis, Sappelli, & Baayen, 2010; 
Duyck, Van Assche, Drieghe, & Hartsuiker, 2007; Lemhöfer & Dijkstra, 2004; 
Lemhöfer, Dijkstra, & Michel, 2004; Schwartz, Kroll, & Diaz, 2007; Van 
Assche, Duyck, Hartsuiker, & Diependaele, 2009; Van Assche, Drieghe, 
Duyck, Welvaert, & Hartsuiker, 2011).  
Despite the growing body of evidence on cognate effects and their origin, 
it remains unclear whether cognate effects are word class specific, as most 
studies conducted so far have exclusively used nouns as stimulus materials. 
Knowledge about cognate processing is therefore based mainly on nouns. For 
a full understanding of cognate processing, however, other word classes should 
also be studied (see Van Hell, 2002), in order to find out whether syntactic class 
is an important dimension to consider in bilingual processing. Given that the 
psychological definition of cognates relies on a pairing of words from two 
different languages established by an individual (Carroll, 1992), lexical items 
from any word category could be included, as long as a bilingual considers the 
two similar enough. This is particularly so for content words that overlap in 
both form and meaning, such as nouns and verbs. These word classes are 
known to differ in several respects relating to semantics and structure, which 
result in processing differences (see Vigliocco, Vinson, Druks, Barber, & 
Cappa, 2011). Such differences may also affect bilingual processing of noun 
and verb cognates. The first aim of the present study, therefore, is to examine 
whether cognate facilitation for nouns in sentence context extends to the 
syntactic category of verbs.  
Apart from stimulus characteristics, such as word class, bilingual 
processing may also be influenced by characteristics of the participant, such as 
proficiency in the L2. Individual differences among bilinguals in terms of their 
L2 proficiency, as well as age of acquisition of L2, can modulate frequency 
effects in L2 processing (Duyck, Vanderelst, Desmet, & Hartsuiker, 2008; 
Whitford and Titone, 2011) and language non-specific activation (e.g., Titone, 
Libben, Mercier, Whitford, & Pivneva, 2011; for a review, see Van Hell & 
Tanner, 2012). It is not clear, however, how L2 proficiency is best 
operationalized. L2 reading proficiency can be measured in different ways, 
reflecting reading fluency or text comprehension. This raises the question to 
what extent different L2 proficiency measures yield divergent or convergent 
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data patterns on the role of L2 proficiency in language processing. The second 
aim of our study was therefore to determine how L2 proficiency, 
operationalized as self-rated proficiency and as reading speed (as will be 
discussed below), can modulate cognate processing in sentence context. 
A third factor that can influence bilingual processing is the task used to 
examine the effect. Sentence reading studies employ different kinds of tasks, 
which more or less resemble natural reading, including self-paced reading (e.g., 
Binder & Rayner, 1998; Jackson & Roberts, 2010; Koornneef & Van Berkum, 
2006; Traxler, Pickering, & McElree, 2002) and eye-tracking paradigms (e.g., 
Balling, 2012; Duyck et al., 2007; Libben & Titone, 2009; for an overview, see 
Rayner, 1998). Yet, self-paced reading differs from natural silent reading, given 
that the button press involved depends partly on the motor response rhythm of 
one’s finger, which may influence measurements of reading speed. 
Furthermore, when readers are presented with one word at a time in a non-
cumulative fashion, there is no opportunity to look back, whereas natural 
reading allows readers to regress and skip freely. This means that the time to 
read or process a word is in part dependent on specific task demands (e.g., 
Rayner & Pollatsek, 1989). Different tasks engage different cognitive and 
behavioural processes, such that task measures may reflect differences in the 
time course of activation of these processes. Also, different tasks may show 
more or less inter-individual variation in processing between participants, for 
example, with regard to L2 proficiency. The third aim, therefore, is to explore 
how task demands may influence the cognate facilitation effect. Before we 
zoom in on the experiments, we review relevant empirical studies on word 
class differences, L2 proficiency, and task demands.  
 
Noun and verb processing 
There are several reasons why nouns and verbs may be processed differently. 
In general, nouns denote objects while verbs denote actions or events. This 
distinction between objects and actions is backed up by sensori-motor accounts 
of language processing that distinguish word classes in terms of semantic 
activation. Noun processing is associated with activation in the visual cortex, 
whereas verb processing more strongly involves the motor cortex (e.g., 
Pulvermüller, Lutzenberger, & Preissl, 1999). At a representational level, verbs 
are generally considered to be more abstract while nouns are considered to be 
more concrete (e.g., Federmeier, Segal, Lombrozo, & Kutas, 2000). 
Furthermore, the meaning of nouns is usually more specific and stable than 
that of verbs (Gentner, 1981; Reyna, 1987), whereas verb meaning is more 
often defined relative to context (Gentner, 1981) and more often polysemous 
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(Miller & Fellbaum, 1991), which makes verb semantics more diffuse. This 
implies that verb meaning is probably only fully constructed at the sentence 
level rather than at the lexical level (e.g., Taylor, Lev-Ari, & Zwaan, 2008). 
Furthermore, verbs are considered to be structurally more complex than 
nouns, because they contain information on the number and kinds of 
arguments a verb can take (Grimshaw, 1990). These representational 
differences between nouns and verbs have consequences for their processing. 
In an extensive review of noun and verb studies, Vigliocco, Vinson, Druks, 
Barber, and Cappa (2011) conclude that the larger complexity of verbs relative 
to nouns in terms of semantics, syntax, and morphology leads to greater 
processing demands. There is evidence that the more complex nature of verbs 
results in slower processing as compared to nouns (e.g., Tyler, Russell, Fadili, & 
Moss, 2001). The complexity associated with verbs also has consequences for 
language acquisition, in the sense that nouns are typically learned earlier than 
verbs (Gentner, 1981). 
Differences between nouns and verbs have also been observed in 
bilingual processing. Van Hell and De Groot (1998) compared responses for 
between and within language word association tasks, in which Dutch-English 
bilinguals were asked to verbally associate to a target word. For example, when 
presented with the word ‘skirt’, participants could respond by saying ‘dress’ in 
the within-language condition, or its Dutch translation equivalent ‘jurk’ in the 
between-language condition. Association responses in the within and between-
language conditions were more often translations of one another for nouns 
compared to verbs (and for cognates compared to non-cognates, and for 
concrete words compared to abstract words). The authors also examined 
response times for the association task; response times for verbs were slower 
than for nouns. This evidence suggests that semantics may not always be 
completely shared between translation equivalents and, of particular interest to 
the current study, that there may be differences in semantic overlap between 
nouns and verbs. Specifically, verb translations may be less similar in terms of 
semantics than noun translations. Interestingly, the word associations reported 
by Van Hell and De Groot (1998) yielded a cognate effect that was 
independent of word class. 
Differences between nouns and verbs in bilingual processing may thus in 
part be due to differences between word classes in terms of similarity across 
languages. This also holds for orthography. Due to inherent properties of the 
languages relating to affixes and inflections, Dutch-English verb cognates, for 
example, tend to have less orthographic overlap than noun cognates across the 
two languages. Yet, the resemblance between an English verb such as ‘to start’ 
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and its Dutch translation equivalent ‘starten’ seems enough to notice the link 
and build a connection between the two forms, which makes them cognates 
(see Carroll, 1992). This is supported by a recent study showing cognate 
facilitation for verbs as well as nouns. Bultena, Dijkstra, and Van Hell (2012; 
see Chapter 2 of this thesis) presented Dutch-English bilinguals with a lexical 
decision task that included noun and verb cognates in a minimal phrasal 
context (e.g., ‘the start’ or ‘they start’) so as to disambiguate word class 
ambiguous items from their noun reading. The response times indicated a 
facilitatory effect for cognates irrespective of syntactic class.  
Although verbs have been shown to give rise to cognate effects when 
presented out of sentence context, it is not known whether a similar effect 
would occur when verbs are embedded in a sentence context. Although the 
presence of a sentence context has previously been shown to not always cancel 
out noun cognate facilitation effects (e.g., Van Hell & De Groot, 2008), the 
effect of sentence context on verb processing may be different. There are 
several reasons why processing of verbs in sentences may to a lesser extent be 
language ambiguous. Verbs may yield more language-specific activation, 
because verb semantics tend to be context-dependent (e.g., Gentner, 1981; 
Taylor et al., 2008) and more specific to a particular language than nouns (Van 
Hell & De Groot, 1998). The surrounding context may therefore affect 
semantic processing of the verb to a larger extent than is the case for nouns. 
Furthermore, the influence of syntactic processing in sentence context could 
affect verbs more than nouns. Because the main verb determines the sentence 
verb argument structure (see Goldberg, 1995), the syntactic framework laid out 
by the verb can provide an additional top-down influence that guides language-
specific access. Hence, the verb cognate effect may be reduced in sentence 
context compared to the effect observed for nouns.  
 
L2 proficiency  
Proficiency differences in L2 can modulate effects of bilingual processing, for 
example pertaining to the magnitude of the cognate facilitation effect (e.g., 
Libben & Titone, 2009). There is evidence for an influence of L2 proficiency in 
cognate facilitation effects both in L1 and L2 processing (for a review, see Van 
Hell & Tanner, 2012). Concerning L1 processing, Van Hell and Dijkstra (2002) 
showed that a minimal level of foreign language fluency is required in word 
recognition before any weaker non-target language effects become noticeable. 
They included Dutch-English (e.g., ‘winter’) and Dutch-French (e.g., ‘plafond’) 
cognates in a Dutch lexical decision task, which was presented to two groups 
of Dutch-English-French trilinguals who differed in their proficiency in L3 
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French (moderately or highly proficient). Both groups showed a facilitatory 
effect for English cognates in L1 processing, but only the high L3 French 
proficiency trilinguals also showed a facilitatory effect for French cognates. A 
recent code-switching study presenting L1 cognates in sentences also showed 
that L1 cognates affected code-switching only in proficient L2 speakers, and 
not in moderately proficient L2 speakers (Kootstra, Van Hell, & Dijkstra, 
2012). These studies show that in unbalanced bilinguals, the weaker L2 (or L3) 
only influences cognate processing in L1 if proficiency in the L2 (or L3) is high 
enough (see also Brenders, Van Hell & Dijkstra, 2011; Poarch & Van Hell, 
2012; Titone, Libben, Mercier, Whitford, & Pivneva, 2011).  
An L2 proficiency modulation has also been observed in cognate effects 
in L2. While cognate facilitation in L1 processing increases with more 
proficiency in L2, cognate facilitation in L2 processing is attenuated by 
increased L2 proficiency. In an eye-tracking study, Libben and Titone (2009) 
showed that cognate effects for unbalanced French-English bilinguals who 
read in their L2 English depended on their proficiency in L2. They report 
correlations between L2 proficiency measures and the size of the cognate 
facilitation effect for both early and late reading time measures, which indicate 
that bilinguals who were more proficient in their L2 showed a decreased 
cognate facilitation effect.  
The effects of L2 proficiency on cognate effects can be understood from 
the theoretical perspective of relative language activation in word recognition 
for more and less proficient bilinguals (Dijkstra & Van Hell, 2003). L1 
activation during L2 processing depends on the relative activation strength of 
L1 and L2, which is, in turn, dependent on L2 proficiency. Lexical 
representations in the L1 will in general be activated more strongly and more 
quickly than those in an L2, because the frequency with which word forms are 
retrieved in a bilingual’s dominant language is higher. Higher proficiency in L2, 
however, is likely to co-occur with increasing frequency of usage, which speeds 
up the activation of the L2 form. When a bilingual's relative proficiency in the 
L1 and L2 changes, the contribution of activation of L1 forms might be 
reduced; this can explain the smaller cognate effects. Together, the studies 
indicate that changes in L2 proficiency can influence the magnitude of cross-
linguistic activation in both L1 and L2 processing, albeit in different directions. 
Despite emerging evidence that cognate facilitation varies with L2 
proficiency, the construct of L2 proficiency itself is not well established. A wide 
range of L2 proficiency measures have been used, including self-ratings (e.g., 
Marian, Blumenfeld, & Kaushanskaya, 2007), vocabulary knowledge in L2 (e.g., 
Broersma & Lemhöfer, 2011; Meara, 2006), as well as age of acquisition, or 
Cognate effects in sentence context | 71 
 
time spent on learning the L2. Most studies focus on an aspect of L2 
proficiency that is relevant for the type of language processing under 
examination. In sentence reading, L2 proficiency has been linked to reading 
speed, which can be measured in several possible ways. Some visual sentence 
comprehension studies have used fixation duration in L1 and L2 as an 
indication of language proficiency in the two languages. For example, Libben 
and Titone (2009) defined relative proficiency as a difference in reading speed 
between L1 and L2, measured by fixation duration based on the reading of text 
passages in both languages (see also Altarriba, Kroll, Sholl, & Rayner, 1996). 
They showed that the size of the cognate facilitation effect correlated both with 
self-ratings of L2 proficiency, and with the difference in reading speed between 
L1 and L2 paragraph reading.  
Alternatively, L2 reading speed in itself can be assumed to reflect L2 
proficiency. Bell (2001) showed that L2 learners’ reading speed increased and 
reading comprehension improved with higher levels of proficiency. Both the 
speed and difference measures are based on the notion that for bilinguals, 
processing in L2 is slower than in L1, at least at lower levels of L2 proficiency. 
Proficiency level in L2 is therefore assumed to affect the speed of lexical 
access. Yet, reading in L2 may also reflect general inter-individual variation 
beyond L2 proficiency (e.g., Jackson & McClelland, 1979; Rayner & Pollatsek, 
1989). Lee and Lemonnier Schallert (1997) showed that reading ability in L2 
was in part dependent on reading ability in L1 and in part on general L2 
proficiency. So although the measure of speed has often been used as an 
indication of L2 proficiency in reading, the validity of the measure is not 
completely clear. To gain more insight into the role of L2 proficiency in 
reading, we examined different measures of L2 reading proficiency, comparing 
reading speed to self-ratings of L2 proficiency to assess which measure could 
best account for a proficiency modulation in cognate effects in different tasks. 
 
Task demands 
Task demands may also affect cognate effects in sentences. Duyck et al. (2007) 
studied the processing of identical cognates and near-cognates presented in 
low-constraint sentence context using two different paradigms, lexical decision 
and eye-tracking. The lexical decision response on the sentence final target 
word yielded a cognate facilitation for both identical and non-identical 
cognates. Reading times for the same items, presented in the middle of the 
sentence and measured with eye-tracking (mimicking natural reading), showed 
a different pattern: a cognate facilitation effect was observed for identical 
cognates, but not for the near-cognates. This suggests that the size of the 
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cognate facilitation effect may depend on the task at hand, due to differences in 
processing demands and response criteria. In the lexical decision task used by 
Duyck et al., sentences were presented using a Serial Visual Presentation (SVP) 
technique in which each word was shown for 700 ms, which may have induced 
relatively slow processing compared to natural reading in which reading times 
for words were shorter. Furthermore, how reading is measured may to a larger 
or smaller extent be influenced by differences in L2 proficiency: Clearly, tasks 
may be more or less sensitive to subtle differences between readers of different 
proficiency. A very precise task measure of reading, such as eye-tracking, is 
likely to reflect more subtle differences in reading proficiency, than a task that 
makes reading patterns across participants more uniform, such as self-paced 
reading. In order to draw generalizable conclusions that are independent of 
task demands, it is therefore important to compare the outcomes of different 
tasks. 
 
The present study 
The studies reviewed above indicate that cognate effects can be modulated by 
the nature of the stimulus materials, the bilinguals’ L2 proficiency, and task 
demands. In the present study, we addressed the influence of these three 
factors. First, we considered whether the syntactic category a word belongs to 
(henceforth word class) affects the size of the cognate effect in sentence 
context. Although verbs have less cross-linguistic semantic and orthographic 
overlap than nouns, cognate effects were still observed out of sentence context 
(e.g., Bultena, Dijkstra, & Van Hell, 2012; Van Hell & De Groot, 1998). We 
wanted to know to what extent verb cognate effects emerge in sentences, 
which provide a context that engages syntactic processing and semantic 
integration. Because nouns and verbs take up different roles in sentence 
processing, verb cognate effects may differ from noun cognate effects. In order 
to test this, we compared the processing of noun and verb cognates embedded 
in a meaningful sentence context. Specifically, we predict that the cognate 
facilitation for verbs will be smaller than for nouns, given the verb’s role in the 
sentence and the smaller cross-linguistic form and meaning overlap of verbs 
relative to nouns.  
Second, we examined the effect of L2 proficiency on cross-linguistic 
activation. Bilinguals’ relative proficiency in L1 and L2 can affect the 
magnitude of cross-linguistic activation (see Van Hell & Tanner, 2012), but the 
construct of L2 proficiency is not completely clear. Here we examined the 
extent to which cross-linguistic effects in L2 processing vary with different 
measures of L2 proficiency, in particular, self-ratings of L2 reading proficiency 
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and average reading speed in L2, two measures that are frequently used in this 
research field. We tested adult Dutch learners of English as a second language, 
who are generally classified as highly proficient in their L2. Cognate effects 
were expected to attenuate with increased proficiency in L2, because the 
relative activation of L2 is higher for more proficient L2 learners (Libben & 
Titone, 2009). 
Third, we examined how task demands can influence the size of the 
cognate effect. More specifically, we examined cognate facilitation in sentence 
context in two experiments, namely recording of eye-movements during 
natural reading (Experiment 1) and self-paced reading (Experiment 2). These 
two commonly used methods to examine reading processes were assumed to 
be differently affected by L2 proficiency and to reflect different time windows 
of processing, which may in turn influence the size of cognate facilitation 
effects. Eye-tracking is considered a fine-grained technique to measure reading, 
demonstrating subtle individual differences in reading patterns. Self-paced 
reading offers readers a restricted visual window, not allowing for skips and 
regressions, and therefore reading patterns are more likely to be similar among 
individuals (Rayner & Pollatsek, 1989). For that reason, subtle differences in L2 
reading proficiency may be more difficult to detect in the more ‘classic’ self-
paced reading paradigm, although the latter task can still show differences 
between readers in terms of average reading speed.  
 
Experiment 1: Eye-tracking 
Method 
Participants 
Thirty-seven Dutch-English bilinguals (5 males), students drawn from the 
Radboud University Nijmegen participant pool, between 18 and 30 years of age 
(M = 22.27, SD =3.19) took part in the experiment. All participants were native 
speakers of Dutch and had learned English at school as an L2, starting around 
the age of 11 (SD = 1.68). They all had normal or corrected-to-normal vision. 
None of them reported any reading problems. Participants were paid a small 
amount of money or received course credit for their participation.  
To assess L2 proficiency, participants filled out a language background 
questionnaire. Self-ratings for English proficiency (using a 7-point Likert scale 
where 7 equals native-like proficiency) were given for reading (M = 4.7, SD = 
1.2), writing (M =4.3, SD = 1.3) and speaking (M = 4.9, SD = 1.3). Several 
participants (N =14) indicated to have lived in English speaking countries or to 
have taken part in bilingual (English-Dutch) education in the Netherlands. 
Furthermore, each participant read a passage of English text (L2) and a passage 
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of Dutch text (L1), which were comparable in length, difficulty, and topic. Eye-
movements were measured during the reading of these short pieces of text; 
based on the total reading times per passage, we determined the average 
fixation duration per word, which was used as an L2 reading speed measure 
(see also Altarriba, Kroll, Sholl, & Rayner, 1996; Libben & Titone, 2009).  
 
Stimulus materials 
A set of 53 English target sentence pairs were created; 29 sentences contained a 
target noun cognate or non-cognate, and 24 sentences contained a target verb 
cognate or non-cognate. Verb stimuli were drawn from the materials used in 
Bultena et al. (2012); verb pairs were selected based on the criterion that 
individual cognates should have yielded a facilitation effect in comparison to 
their matched control word in phrasal context. Targets words were 
morphologically simple singular nouns or third person plural verbs (similar to 
the infinitival form). All sentences were declarative main clauses with a subject 
verb object construction. For each cognate target, a control target was selected 
that fitted in the exact same sentence context as the cognate (see Table 1).  
 
Table 1.  
Example Sentences of Noun and Verb Conditions (target word in italics) 
 Sentence with cognate / control target word 
noun The attorney consults an expert / a lawyer for a detailed opinion on the matter. 
verb The bandleaders start / change the rehearsals for the choir after the disturbance. 
 
To construct the stimulus materials for this experiment, a cloze test and 
two rating studies were conducted. A sentence completion study was 
conducted to assess cloze probabilities for the cognate and control target 
words. Forty-two Dutch-English bilinguals, drawn from the same population 
as those in the sentence reading experiments took part in the sentence 
completion study (none took part in the actual experiments). Twenty-six 
completed the initial study (N = 86 sentences), and 16 completed a follow-up 
study (N = 48 sentences). Participants were asked to complete English 
sentences in which the target word had been left out; the omitted word was 
located in the middle of the sentence in all cases. Sentences were divided in two 
blocks, one in which nouns had been omitted, and another in which verbs had 
been omitted. Based on the responses, we selected stimuli that were low-
constraint sentences with cloze probabilities smaller than .30, which made up 
the final set of 53 stimuli. Mean cloze probabilities for cognate and control 
words were low for both nouns (Mcognate = .02, SD = .06; Mcontrol = .03, SD = 
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.06) and verbs (Mcognate = .04, SD = .06; Mcontrol = .03, SD = .06), and none of 
the sentences had an alternative completion with a cloze probability higher 
than .50. Two-level analyses of variance showed no significant differences in 
cloze probability between cognate and control sentences for nouns and verbs 
(F’s < 1). 
We also conducted online rating studies to assess concreteness and 
semantic similarity between Dutch and English translations of cognates and 
non-cognate controls. Concreteness ratings were obtained from a group of 52 
Dutch-English bilingual participants who were asked to rate the concreteness 
of 199 English nouns and 235 English verbs on a scale of 1 (very abstract) to 7 
(very concrete). Semantic similarity ratings were collected from a different 
group of 61 Dutch-English bilinguals, for 160 nouns and 160 verbs on a scale 
of 1 (no semantic overlap) to 5 (fully overlapping between languages). The 
English noun targets were rated as significantly more concrete, t(102) = 2.83, p 
< .01, and as having more semantic overlap with their Dutch translation 
equivalent, t(102) = 2.63, p < .05, than verbs (see Table 2). There were no 
differences between cognates and non-cognates regarding these factors for 
both nouns and verbs (p’s > .1).  
Cognates and control target words were matched with respect to word 
length (between 3 and 7 characters long), English lemma log frequency and 
English neighbourhood density in the CELEX database (Baayen, Piepenbrock, 
& Gulikers, 1995; see Table 2). Separate two-level ANOVAs for nouns and 
verbs indicated that cognates and controls did not differ in length, frequency, 
and neighbourhood density in English (all p’s > .1). Four-level ANOVAs also 
showed no differences between the noun and verb cognates and controls on 
these criteria (p’s > .1). Orthographic similarity of cognate translation 
equivalents as measured by Van Orden’s similarity measure (Van Orden, 1987) 
was higher for nouns than for verbs, because of the fixed ‘–en’ suffix for 
Dutch verbs in their infinitival form (e.g., ‘starten’ vs. ‘to start’). The 
orthographic similarity of Dutch and English control words was low. All 
content words in the sentences that occurred before the target items were non-
cognates. 
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Table 2. 
Overview of Lexical Characteristics for Matched Experimental Items 
 Nouns (N=29) Verbs (N=24) 
 Non-cognate Cognate Non-cognate Cognate 
Word length  4.90 (1.01) 4.93 (1.07) 5.21 (1.29) 5.17 (1.27) 
Log Frequency 1.81 (.45) 1.85 (.48) 1.84 (.67) 1.81 (.76) 
Neighbourhood density 4.24 (4.12) 5.38 (5.96) 3.75 (3.37) 5.83 (5.89) 
Van Orden 0.16 (.18) .89 (.22) .11 (.08) .63 (.22) 
Cross-linguistic  
semantic similarity 
4.43 (.37) 4.56 (.28) 4.27 (.33) 4.34 (.49) 
Concreteness 4.74 (1.39) 4.89 (1.36) 3.85 (1.26) 4.37 (.78) 
 
Two versions of the experiment were created; each experimental list contained 
both noun and verb sentences, and cognate and control targets were 
counterbalanced across lists. In addition to the 53 target sentences, each list 
contained 75 filler sentences with different syntactic structures and tenses than 
the target sentences. One fourth of the sentences (16 targets and 16 fillers) was 
followed by a comprehension question, addressing the lexical content with 
respect to the first, middle, or last part of a sentence, that had to be answered 
with ‘yes’ or ‘no’. Comprehension questions occurred at random intervals in 
the experiment, and were always succeeded by a filler sentence; feedback was 
only given when participants chose the wrong answer. 
 
Procedure 
Participants were tested individually on a Windows XP Intel® Pentium® 
4CPU computer with a 22-inch Iiyama Vision Master Pro 510 monitor (1024 
by 768 pixels, 100Hz refresh rate) suitable for eye-tracking. The experiment 
was designed and run with in-house developed Delphi software, which sampled 
x- and y-coordinates of eye positions. Eye movements were measured with an 
SMI I-View Eyetracker (500 Hz), a table mounted system with forehead and 
chin rests. Participants were seated at 50 cm from the computer screen. 
Prior to the experiment, participants were presented with a 13-point 
calibration grid and received English instructions on the computer screen, 
which instructed them to read silently at a normal pace. They were also verbally 
instructed to try and avoid any head movements during the experiment. The 
experiment started with 12 practice sentences.  
Sentences were aligned to the left side of the screen in a black 16 pts. 
Courier New font to a light grey background (this was inversed for some 
participants for better calibration); questions were presented in red. One letter 
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(13 pixels wide) corresponded to a 0.5° visual angle horizontally. Between two 
trials, a fixation cross was presented for 1500 ms at a fixed position on the left 
side of the screen, indicating the position of the first word of the sentence. 
During presentation of a sentence, eye positions were sampled every 2 ms. 
Participants controlled the presentation time of a sentence by clicking a button 
to go to the next sentence.   
 
Results 
We analysed reading times on the target word in each sentence, as well as 
skipping rates for target words that were not fixated upon the first reading of a 
sentence. Reading times were analysed based on fixations in selected areas of 
interest that covered the target words. Sampled x- and y-coordinates for 
fixations on target words were first converted with an IDF converter and 
analysed using in-house software based on an algorithm with fixed parameters 
for duration and dispersion to determine fixations. Fixations had a minimal 
duration of 100 ms (based on Rayner, 1998), and a maximal dispersion of 1° 
visual angle. We used four different measures of fixation duration: first fixation 
duration (FFD), the length of time the eyes fixate on the target word the first 
time they land on it, prior to any regressions to that word; first pass reading 
time (FPRT), the sum of all fixation durations during the first reading of a 
word, including any regressions made within the word; regression path time 
(RPT), the sum of fixations on a target word including all regressions to 
previous words until a rightward saccade past the target word has been made; 
and total reading time (TRT), the total sum of all fixations and re-fixations on 
the target word. These measures are commonly used in eye-tracking studies of 
sentence reading and are thought to reflect different stages of lexical access (see 
e.g., Duyck et al., 2007; Libben & Titone, 2009).  
Prior to analyses, performance on the comprehension questions was 
analysed. Overall, accuracy was high (M = 89%, SD = 8). The data of one 
participant were excluded because her mean accuracy score was at chance level. 
We also excluded the data of two participants whose reading time measures 
were more than 2.5 standard deviations above the participant group mean, and 
one participant whose skipping rate was more than 2.5 standard deviations 
above the mean. We also deleted outliers items with reading times that were 
more than 2.5 standard deviations above the item means (one noun and three 
verb items). These sentences as well as their counterparts (either cognate or 
control sentence) were excluded from the dataset; one more item pair had to be 
discarded because of a problem in the analysis file (discarded items are marked 
in the Appendix). Excluding these items did not affect the matching of the 
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items (all p’s > .1). In the end, the data of 33 participants on 48 sentences were 
included in the analyses. For the reading time analyses, a further 6.73% of the 
data was discarded due to skipping, leaving 1448 data points. All four reading 
time measures, i.e. first fixation duration, first pass reading time, regression 
path time, and total reading time were log transformed to correct for non-
normal distributions. 
Reading time measures and skipping rates were analysed using linear 
mixed effects models that included participant and item as random intercepts 
in order to control for highly variable reading patterns for individuals and 
items, as well as random slopes based on the predictor of L2 proficiency 
(Baayen, 2008). Models were fitted to the measures of first fixation duration, 
first pass reading time, regression path time, total reading time, and skipping 
rates, for which we considered effects of the manipulated factors of word class 
(noun or verb), cognate status, and two measures of L2 proficiency. The effect 
of cognate status was analysed based on Van Orden’s (1987) orthographic 
similarity measure, a continuous measure ranging from 0 (no similarity) to 1 
(identical), henceforth referred to as orthographic similarity. L2 proficiency was 
expressed by self-ratings of reading proficiency in L2 on a 7-point scale (see 
also Table 6). In an additional model, we replaced the self-ratings of L2 
proficiency by L2 reading speed. We first considered self-ratings as a 
proficiency measure, and then analysed the effect of reading speed.  
Analyses were performed on the overall dataset, followed by separate 
analyses for the noun and verb data. Reported models were trimmed by 
removing data points with standardized residuals exceeding 2.5 standard 
deviations. Fixed effects of the models are summarized in Tables 3, 5, 7, and 8. 
Effects of all predictors were additionally tested by means of analyses of 
variance over the models, which are reported in the text. An overview of the 
means by word class and condition is given in Table 4. 
 
Self-rated L2 proficiency  
The outcomes of the models on the combined dataset of nouns and verbs can 
be found in Table 3. Analyses of variance showed significant main effects of 
word class for first fixation duration, F(1,1421) = 26.74, p <.001, first pass 
reading time, F(1,1424) = 21.03, p <.001, regression path time, F(1,1413) = 
4.28, p <.05, and total reading time, F(1,1427) = 7.59, p =.01, indicating that 
nouns were read faster than verbs, both in terms of early and later measures 
(see also Table 4). In spite of these results, the predictor ‘word class’ made no 
significant contribution to the models reported in Table 3, which can result 
from a difference in assigning variance between the two analysis methods. The 
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effect of self-rated L2 proficiency was significant for first fixation duration, 
F(1,1421) = 11.45, p <.001, and first pass reading time, F(1,1424) = 5.04, p 
<.05, showing that reading times decreased for more proficient L2 readers. 
Furthermore, the analysis of the first pass reading times showed an interaction 
between word class and self-rated L2 proficiency, F(1,1424) = 4.66, p <.05, 
which indicated that processing of verbs was more influenced by L2 
proficiency than processing of nouns. Analyses of variance showed no effects 
of L2 proficiency on later reading times, indicated by non-significant effects of 
L2 proficiency for regression path time (F < 1) and total reading time, 
F(1,1427) = 2.46, p = .12, although the model did indicate marginally 
significant effects of this predictor for both measures (t = -1.80 and t = -1.82 
for regression path time and total reading time respectively). There were no 
main effects of orthographic similarity (see Table 3), but three-way interactions 
between word class, L2 proficiency, and orthographic similarity were observed 
for first fixation duration, F(1,1421) = 6.95, p <.05, and regression path time 
F(1,1413) = 6.22, p <.05. The interaction was marginally significant for first 
pass reading time, F(1,1424) = 3.08, p = .08. The three-way interaction was 
followed up by separate analyses for the nouns and verbs that are reported 
below. In addition, the model reported in Table 3 showed significant two-way 
interactions between word class and orthographic similarity for first fixation 
duration (t = 2.60) and regression path time (t = 2.48), as well as a main effect 
of orthographic similarity (t = -2.57) and an interaction between orthographic 
similarity and L2 proficiency (t = 2.37) for regression path time, which were 
not significant in the analyses of variance.  
 
Table 3. 
Fixed Effects of the Linear Mixed Effect Models for Reading Time Measures on Target 
Words 
  Estimate Std. Error t value 
FFD (Intercept) 5.53 0.09 58.24 
 Word class -0.03 0.11 -0.31 
 Orthographic similarity -0.04 0.11 -0.37 
 Self-rated L2 proficiency -0.04 0.02 -2.27 
 Word class x Orthographic similarity 0.54 0.21 2.60 
 Word class x Self-rated L2 proficiency 0.02 0.02 1.14 
 
Orthographic similarity x  
Self-rated L2 proficiency 0.00 0.02 0.19 
 
Word class x Orthographic similarity x  
Self-rated L2 proficiency -0.11 0.04 -2.64 
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FPRT (Intercept) 5.77 0.14 41.06 
 Word class 0.14 0.15 0.94 
 Orthographic similarity -0.24 0.15 -1.60 
 Self-rated L2 proficiency -0.06 0.03 -2.02 
 Word class x Orthographic similarity 0.41 0.28 1.49 
 Word class x Self-rated L2 proficiency 0.00 0.03 0.11 
 
Orthographic similarity x  
Self-rated L2 proficiency 0.05 0.03 1.66 
 
Word class x Orthographic similarity x  
Self-rated L2 proficiency -0.09 0.05 -1.75 
RPT (Intercept) 5.97 0.17 34.55 
 Word class -0.19 0.19 -0.98 
 Orthographic similarity -0.50 0.19 -2.57 
 Self-rated L2 proficiency -0.06 0.03 -1.80 
 Word class x Orthographic similarity 0.86 0.35 2.48 
 Word class x Self-rated L2 proficiency 0.05 0.04 1.32 
 
Orthographic similarity x  
Self-rated L2 proficiency 0.09 0.04 2.37 
 
Word class x Orthographic similarity x  
Self-rated L2 proficiency -0.17 0.07 -2.49 
TRT (Intercept) 6.19 0.22 27.86 
 Word class 0.05 0.20 0.24 
 Orthographic similarity -0.26 0.20 -1.33 
 Self-rated L2 proficiency -0.08 0.04 -1.82 
 Word class x Orthographic similarity 0.26 0.36 0.72 
 Word class x L2 proficiency 0.02 0.04 0.42 
 
Orthographic similarity x  
Self-rated L2 proficiency 0.05 0.04 1.40 
 
Word class x Orthographic similarity x  
Self-rated L2 proficiency -0.06 0.07 -0.90 
FFD: first fixation duration, FPRT: first pass reading time, RPT: regression path time, 
TRT: total reading time; L2 proficiency refers to self-rated reading proficiency in L2. 
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Table 4. 
Means (SDs) Across Word Classes and Cognate Status and Cognate Facilitation (ms) for 
all Reading Time Measures 
  Nouns   Verbs 
  Non-cognate Cognate Difference  Non-cognate Cognate Difference 
overall 
 FFD 214 (72) 211 (66) 3   236 (87) 237 (90) -1 
 FPRT 273 (136) 265 (122) 8   308 (143) 307 (143) 1 
 RPT 372 (316) 348 (262) 24   365 (257) 367 (248) -2 
 TRT 417 (279) 379 (216) 38   446 (286) 440 (272) 6 
FFD: first fixation duration, FPRT: first pass reading time, RPT: regression path time, 
TRT: total reading time 
 
The fixed effects of the separate models regarding nouns can be found in Table 
5. Analyses of variance showed a main effect of self-rated L2 proficiency for 
first fixation duration, F(1,785) = 7.84, p <.05, in the same direction as the 
overall results. There were no significant effects of self-rated L2 proficiency on 
the other measures, but the model indicated a trend towards significance for 
first pass reading time (t = -1.82). Cognate facilitation effects were only 
observed in interaction with self-rated L2 proficiency. First pass reading times 
revealed a marginally significant interaction between orthographic similarity 
and reading speed, F(1,783) = 3.33, p =.07, which was significant for regression 
path time, F(1,778) = 4.11, p <.05. This indicated that cognate facilitation was 
reduced for participants who gave higher self-ratings for their reading 
proficiency in L2 (see Figure 1). Although the model on regression path times 
also indicated a main effect of orthographic similarity (t = -2.21), this was not 
significant in the analyses of variance. In spite of substantial numeric 
differences between cognates and non-cognates, there was no effect of 
orthographic similarity for total reading times, which can be explained by a 
substantial amount of variance in the data (see Table 4).  
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Table 5. 
Fixed Effects of the Linear Mixed Effect Models for Reading Time Measures on Nouns 
  Estimate Std. Error t value 
FFD (Intercept) 5.54 0.10 55.16 
 Orthographic similarity -0.03 0.11 -0.26 
 L2 proficiency -0.05 0.02 -2.41 
 Orthographic similarity x L2 proficiency 0.002 0.02 0.08 
FPRT (Intercept) 5.75 0.14 40.96 
 Orthographic similarity -0.25 0.15 -1.74 
 L2 proficiency -0.05 0.03 -1.82 
 Orthographic similarity x L2 proficiency 0.05 0.03 1.82 
RPT (Intercept) 5.93 0.18 33.43 
 Orthographic similarity -0.43 0.19 -2.21 
 L2 proficiency -0.05 0.03 -1.52 
 Orthographic similarity x L2 proficiency 0.08 0.04 2.03 
TRT (Intercept) 6.13 0.23 27.20 
 Orthographic similarity -0.19 0.19 -0.97 
 L2 proficiency -0.07 0.04 -1.56 
 Orthographic similarity x L2 proficiency 0.04 0.04 1.08 
FFD: first fixation duration, FPRT: first pass reading time, RPT:  regression path time, 
TRT: total reading time; L2 proficiency refers to self-rated reading proficiency in L2. 
 
 
 
Figure 1. Effect of Orthographic Similarity for First Pass Reading Times and 
Regression Path Times of Nouns According to Self-Rated Reading Proficiency 
in L2 (7 = native-like proficiency).  
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Table 6. Distribution of Self-Ratings for Reading Proficiency in L2 (N = number of 
participants). 
self rating 3 4 5 6 7 
 6 4 11 10 2 
 
Fixed effects for the separate verb analyses are reported in Table 7. Analyses of 
variance showed an effect of self-rated L2 proficiency for first fixation 
duration, F(1,638) = 9.91, p <.01, and first pass reading time, F(1,636) = 7.85, p 
= .01, indicating faster reading times for more proficient L2 readers. Neither of 
these effects was significant as fixed effects in the model (see Table 7). There 
were also no significant main effects of L2 proficiency for regression path time, 
F(1,634) = 2.16, p = .14, and total reading time, F(1,636) = 2.67, p = .10. An 
interaction between orthographic similarity and L2 proficiency was present 
only for first fixation duration, F(1,638) = 8.37, p <.01. This effect went in the 
opposite direction as the noun effect, and showed that more cross-linguistic 
overlap induced faster reading times only when participants were more 
proficient in L2 (see Figure 2). The main effect of orthographic similarity for 
first fixation duration was not significant in the analyses of variance (F < 1).  
 
Table 7. 
Fixed Effects of the Linear Mixed Effect Models for Reading Time Measures on Verbs 
  Estimate Std. Error t value 
FFD (Intercept) 5.52 0.13 43.24 
 Orthographic similarity 0.49 0.18 2.66 
 L2 proficiency -0.02 0.02 -0.96 
 
Orthographic similarity x  
Self-rated L2 proficiency -0.10 0.04 -2.89 
FPRT (Intercept) 5.92 0.15 39.54 
 Orthographic similarity 0.15 0.23 0.62 
 L2 proficiency -0.06 0.03 -1.82 
 
Orthographic similarity x  
Self-rated L2 proficiency -0.04 0.04 -0.93 
RPT (Intercept) 5.78 0.19 30.78 
 Orthographic similarity 0.389 0.28 1.40 
 L2 proficiency -0.01 0.04 -0.32 
 
Orthographic similarity x  
Self-rated L2 proficiency -0.08 0.05 -1.59 
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TRT (Intercept) 6.19 0.23 26.70 
 Orthographic similarity 0.06 0.30 0.20 
 L2 proficiency -0.05 0.04 -1.18 
 
Orthographic similarity x  
Self-rated L2 proficiency -0.03 0.06 -0.46 
FFD: first fixation duration, FPRT: first pass reading time, RPT: regression path time, 
TRT: total reading time 
 
 
Figure 2. Effect of Orthographic Similarity for First Fixation Times of Verbs 
According to Self-Rated Reading Proficiency in L2 (7 = native-like  
proficiency). 
 
Skipping rate analyses  
The overall analysis on the proportion of skipped target words showed an 
effect of word class, F(1,1572) = 4.02, p = .05. Nouns (M = 9.80%, SD = 
29.76) were more often skipped than verbs (M = 6.49%, SD = 24.66). The 
model (see Table 8) also showed an interaction between word class and self-
rated L2 proficiency (t = 2.11), showing more skipping rates for more 
proficient readers for verbs, but the opposite pattern for nouns, and a 
marginally significant interaction between orthographic similarity and self-rated 
L2 proficiency (t = 1.99), none of which were significant in the analyses of 
variance. Analyses of variance over the separate analyses for the nouns and 
verbs (see also Table 8) showed a marginally significant interaction between 
self-rated L2 proficiency and orthographic similarity, F(1,833) = 3.61, p = .06 
for nouns, which was not present for verbs (F < 1). Overall, cognate nouns (M 
= 10.76%, SD = 31.01) were skipped more often than non-cognate nouns (M 
= 8.89, SD = 28.49). The interaction effect for nouns reflected that more 
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proficient L2 readers skipped nouns more often in case of more cross-linguistic 
orthographic similarity, whereas less proficient L2 readers had high skipping 
rates for words with high and low orthographic similarity (see Figure 3). 
 
Table 8.  
Fixed Effects of the Linear Mixed Effect Models for Skipping Rates 
  Estimate Std. Error t value 
Overall (Intercept) 0.21 0.08 2.73 
 Word class -0.21 0.10 -2.13 
 Orthographic similarity -0.15 0.10 -1.56 
 L2 proficiency -0.03 0.02 -1.66 
 
Word class x  
Orthographic similarity 0.18 0.18 0.98 
 
Word class x  
Self-rated L2 proficiency 0.04 0.02 2.11 
 
Orthographic similarity x  
Self-rated L2 proficiency 0.04 0.02 1.99 
 
Word class x  
Orthographic similarity x  
Self-rated L2 proficiency -0.05 0.03 -1.30 
Nouns (Intercept) 0.22 0.09 2.56 
 Orthographic similarity -0.16 0.10 -1.51 
 Self-rated L2 proficiency -0.03 0.02 -1.58 
 
Orthographic similarity x  
Self-rated L2 proficiency 0.04 0.02 1.90 
Verbs (Intercept) -0.03 0.07 -0.37 
 Orthographic similarity 0.05 0.14 0.35 
 Self-rated L2 proficiency 0.02 0.01 1.36 
 
Orthographic similarity x  
Self-rated L2 proficiency -0.01 0.03 -0.46 
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Figure 3. Effect of orthographic similarity according to self-rated reading 
proficiency in L2 for noun targets.  
 
L2 reading speed 
In the other model, we examined the effect of L2 reading speed as an 
expression of L2 reading proficiency. Only the analyses of variance are 
reported here. The model including word class, orthographic similarity, and L2 
reading speed showed significant effects of word class for first fixation 
duration, F(1,1421) = 26.75, p < .001, first pass reading time, F(1,1423) = 
20.79, p < .001, regression path time, F(1,1409) = 4.04, p < .05, and total 
reading time, F(1,1426) = 7.57, p < .05 in the same direction as the model with 
self-rated L2 proficiency. Similarly, a main effect of L2 reading speed was 
observed for first fixation duration, F(1,1421) = 3.63, p = .06, first pass reading 
time, F(1,1423) = 23.26, p < .001, regression path time, F(1,1409) = 14.22, p < 
.001, and total reading time, F(1,1426) = 44.94, p < .001. For all reading time 
measures, fixation durations were shorter when average reading speed was 
faster. The model showed no interactions with word class, and no cognate 
effects, although a trend towards an interaction between L2 reading speed and 
Van Orden’s orthographic similarity was present at first pass reading times, 
F(1,1423) = 2.84, p = .09, suggesting a cognate facilitation effect for slower 
readers. Skipping data showed a significant main effect of word class, F(1,1572) 
= 4.12, p < .05, with more skips for nouns than for verbs, as well as an 
interaction between word class and reading speed, F(1,1572) = 4.51, p < .05, 
indicating that differences in reading speed only affected reading times of 
nouns, but not those of verbs. Because there were no interactions between 
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word class and cognate status, the noun and verb data were not analysed 
separately. 
 
Discussion 
The eye-tracking data of Experiment 1 revealed an effect of word class on 
reading: Nouns were read faster than verbs and were skipped more often, 
which replicates earlier findings in the monolingual (Gentner, 1981; Tyler, 
Russell, Fadili, & Moss, 2001) and bilingual (e.g., Baayen et al., 2003; Bultena et 
al., 2012; Van Hell & De Groot, 1998) domains, suggesting that noun 
processing is easier than verb processing. The word class effect was present 
both in early and late measures of reading times. This supports the view that 
nouns and verbs are processed differently in a sentence, implying that the 
recognition of a word’s syntactic properties occurs at an early stage in word 
recognition. It should be noted that, in spite of matching, part of the effect may 
be due to the (inevitably) slightly larger length of the verbs relative to the nouns 
(see Table 2).  
Furthermore, the data suggested differences between nouns and verbs 
with regard to cognate effects. The reading times for verbs showed little 
cognate facilitation. Only first fixation durations showed a proficiency 
dependent effect, indicating facilitation for more proficient L2 readers. Other 
reading time measures and skipping rates indicated that cognate and non-
cognate verbs were processed equally fast by the Dutch-English bilinguals, 
suggesting verb processing is more language-specific. The noun data yielded 
proficiency dependent cognate facilitation effects for first pass reading time 
and regression path time. These facilitation effects were shown to be smaller 
for bilinguals that were more proficient in L2. A proficiency modulation in the 
opposite direction was observed in skipping rates, showing more facilitation for 
more overlapping nouns cognates for more proficient L2 readers. Although 
more and less proficient readers differed in reading speed, they did not differ in 
the proportion of skipped target words. This result indicates that reading 
patterns of more proficient readers are still subject to cognate manipulation, 
but at a different level. Whereas less proficient, slower, readers showed an 
effect in reading times, more proficient, faster, readers showed an effect in 
skipping rates.  
These data provide limited evidence for verb cognate effects. The effect 
observed for more proficient readers at first fixation duration was not present 
in any of the other measures, and moreover, no cognate effect was found for 
nouns at this measure. The lack of a robust cognate facilitation effect for verbs 
is similar to recent findings by Van Assche, Duyck and Brysbaert (2013). In an 
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eye-tracking study with a similar set-up to the present study, they examined 
processing of verb cognates in sentence context. Reading times in this study 
showed a small cognate facilitation effect only at go past times, a later measure, 
which the authors related to processing of shared semantics. In the present 
study, however, we could not replicate this later measure effect. 
The finding that form overlap with an L1 translation equivalent speeded 
up lexical access for noun cognates is comparable to other eye-tracking studies 
with similar set-up and stimulus materials (e.g., Duyck et al., 2007; Van Assche 
et al., 2009; Van Assche et al., 2011). The present findings extend previous data 
by showing that cognate facilitation effects in sentence context were modulated 
by L2 reading proficiency. The results showed that noun cognate facilitation is 
reduced when reading proficiency is higher. This is in agreement with findings 
by Libben and Titone (2009), who reported smaller cognate facilitation for 
bilinguals who were more proficient in their L2. Similar to the Libben and 
Titone study in which L2 proficiency ratings and the difference between L1 
and L2 reading speed were shown to be correlated, analyses showed that L2 
reading speed correlated with self-rated reading proficiency in our study, r(32) 
= -.45, p <.05, indicating that faster readers rated themselves as being more 
proficient. This indicates that the two measures reflected a common aspect 
related to L2 proficiency.  
We note that noun cognate effects were not obtained for all reading time 
measures. The data showed no effects of cognate facilitation in terms of first 
fixation duration and total reading time. The latter measure was subject to large 
individual variations in our dataset (see Table 4), which can explain why the 
effect was not significant. The difference between cognates and non-cognates 
for the first fixation durations (3 ms) was too small to become significant. 
Furthermore, it may well be that the reading times of this measure are at 
ceiling. In comparison to previous eye-tracking studies testing noun cognates in 
sentence context (see Appendix - overview of studies), we note that the reading 
times in our eye-tracking data are quite fast. The overview of fixation durations 
and effects sizes (see Appendix I) indicates that reading times for both early 
and late measures are substantially faster than those of studies that are 
otherwise very similar regarding stimulus materials, including the study by Van 
Assche et al. (2011) that also included non-identical cognates in low-constraint 
sentences. Reading speed determines how much information is encoded in 
each fixation (e.g., Jackson & McClelland, 1975), and it has been shown 
previously that processing times can become too fast to show facilitation 
effects (Dell & O’Seaghdha, 1992). The reason for the fast reading times 
cannot easily be ascribed to methodological or analytical differences across 
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studies. Similar to other studies, reading times below 100 ms were not included 
in the analyses of our study, and items across studies were comparable in terms 
of frequency and length. It must be noted that numeric effects in both our 
study and that by Van Assche et al. (2011), who did find a general cognate 
facilitation effect, were rather small, implying that the effect may be dependent 
on sample size.  
The eye-tracking data pointed to a large degree of variation in the data as a 
consequence of individual differences in reading proficiency in L2. In order to 
examine the role of task demands in proficiency modulated cognate effects, we 
tested the same materials using a self-paced reading paradigm. By comparing 
the findings of two reading paradigms, we tested whether task demands 
influenced effects of L2 proficiency and cross-linguistic activation. In the 
second experiment, we also included an additional proficiency measure, 
vocabulary size, to further validate the L2 proficiency measures. 
 
Experiment 2: Self-paced reading 
Method 
Participants 
Thirty-eight Dutch-English bilinguals (7 males), students drawn from the same 
Radboud University Nijmegen participant pool as used in Experiment 1, took 
part in the experiment. The participants were between 18 and 29 years of age 
(M = 22.11, SD = 2.59), and all were native speakers of Dutch who had 
learned English at school as an L2, starting around the age of 10 (SD = 2.81). 
Their mean score on the English version of LexTALE (Lemhöfer & Broersma, 
2011) was 77.88 (SD = 11.30), which indicates that they were highly proficient 
learners of English. This validated task assesses a learner’s proficiency in 
English based on vocabulary knowledge, and is specifically aimed at advanced 
learners such as the participants used in this experiment. Participants self-rated 
their English proficiency on a 7-point Likert scale (7 = native-like) on reading 
(M = 4.8, SD = 1.0), writing (M = 4.3, SD = 1.3), and speaking (M = 4.6, SD = 
1.5). Thirteen participants indicated to have lived in English speaking countries, 
to have taken part in bilingual education, or to study English. None of the 
participants reported any reading problems. Participants were paid a small 
amount of money or received course credit for their participation. 
 
Stimulus materials 
The materials were identical to those used in the eye-tracking experiment. 
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Procedure 
Participants were tested individually on a Windows XP Intel® Pentium® 
4CPU computer with a 17-inch Philips 107MB monitor (1280 by 1024 pixels, 
60Hz refresh rate). The experiment was designed and run with Presentation 
software (Neurobehavioral Systems, 2009), which measured RTs via a button 
box. Participants were seated at approximately 50 cm from the computer 
screen. 
Prior to the start of the self-paced reading task, participants performed the 
LexTALE task and received English instructions on the computer screen, 
which encouraged them to read silently at a normal pace that allowed them to 
answer comprehension questions. The instructions emphasized using the index 
finger of their dominant hand to push the button to initiate presentation of the 
next word(s). The experiment started with 12 practice sentences.  
Sentences were aligned to the middle of the screen in a white 16 pts. 
Courier New font to a black background. Sentences were presented using a 
non-cumulative self-paced reading variant of the moving window paradigm 
(Just, Carpenter, & Woolley, 1982), meaning that each sentence was presented 
word by word controlled by the participant. Sentences were initially dashed, 
with each dash corresponding to a letter on the screen (e.g., ___ _______ for 
‘the parents’). By indicating the number of words, letters and spaces, the actual 
reading pattern was preserved as much as possible. When a participant clicked 
a button, a dashed word changed into the first word of the sentence; upon the 
next click, the next word was revealed while the first word changed back into 
its dashed form. Reading times for each word were measured from the 
moment a word was displayed until the participant pushed the button.  
 
Results 
Reading times of the target word in each sentence were analysed. Prior to the 
analyses, performance on comprehension questions was examined. Overall, 
accuracy rates were high (M = 91.32%, SD = 5.95). The data of three 
participants were excluded because they made more than 20% errors on the 
comprehension questions. We excluded the data of one other participant 
whose reading times were more than 2.5 standard deviations above the 
participant group mean. Furthermore, we considered outliers among the items, 
and excluded one non-cognate control item and its matched cognate (marked 
in the Appendix), because the mean reading time for the control item was more 
than 2.5 standard deviations above the item mean. Excluding this item pair did 
not affect the matching (all p’s >.1). In the end, we analysed the data of 34 
participants for 52 sentences (1768 data points). Reading times of the target 
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word were log-transformed to correct for non-normal distributions. All results 
reported below are the outcomes of the best fitting models, which were 
trimmed by removing data points with standardized residuals exceeding 2.5 
standard deviations.  
Reading times were again analysed using linear mixed effects models 
including participant and item as random intercepts, and L2 proficiency 
predictors as random slopes. Similar to Experiment 1, we tested for effects of 
word class, orthographic similarity, and two measures of L2 proficiency. 
Cognate effects were assessed based on the Van Orden measure of 
orthographic similarity and self-ratings of L2 reading proficiency were used as 
an indication of L2 proficiency. We also examined the effect of L2 reading 
speed in a separate model. We first considered the combined data set including 
both nouns and verbs, followed by separate analyses of the noun and verb data. 
Analyses procedures were similar to those in Experiment 1. 
 
Correlations of L2 proficiency 
To validate the measures of L2 proficiency, we looked at correlations between 
self-ratings, reading speed, and the vocabulary measure. A person’s average 
reading speed was based on their reading times to all lexical items in the 
sentences. Significant correlations between the mean reading speed per 
participant and the LexTALE proficiency measure (r(34) = -.51, p < .01) 
indicated that participants with a higher reading speed scored higher on the 
vocabulary task. The LexTALE score also correlated with the measure of self-
rated L2 reading proficiency as assessed by the language background 
questionnaire (r(34) = .42, p < .05), showing higher self-ratings for those with a 
larger vocabulary knowledge. Furthermore, mean reading speed showed a 
marginally significant correlation with self-rated reading proficiency (r(34) = -
.32, p = .069). This showed that faster readers tended to rate themselves as 
having a higher reading proficiency in their L2. For reasons of consistency 
between Experiments 1 and 2, we only included self-ratings and reading speed 
as proficiency measures and did not consider the vocabulary size measure any 
further. 
 
Self-rated L2 proficiency  
A model was fitted to the target words RTs including factors of word class, 
cognate status, and self-rated L2 proficiency. Analyses of variance on the target 
indicated that reading times for nouns (M = 407 ms, SD = 229) were shorter 
than for verbs (M = 434 ms, SD = 199), and that this difference was 
significant, F(1,1717) = 25.47, p < .001. Furthermore, the main effect of self-
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rated L2 proficiency was significant, F(1,1717) = 4.01, p = .05, showing that 
target word RTs decreased as proficiency increased. The model showed no 
cognate effect, and no significant interactions between factors. Because no 
word class modulations were observed, no effort was made to analyse the noun 
and verb data separately. Given the limited effects in this model, effects are not 
reported in more detail here. 
 
L2 reading speed 
A new model was fitted to the target word RTs including factors of word class, 
orthographic similarity, and L2 reading speed. The analyses yielded a main 
effect of word class, F(1,1719) = 26.35, p < .001, similar to the model reported 
above, and a main effect of L2 reading speed, F(1,1719) = 493.97, p < .001, 
indicating faster reading times on the target word when average reading speed 
in L2 was faster. Moreover, the model showed an interaction between L2 
reading speed and orthographic similarity, F(1,1719) = 6.57, p < .05, indicating 
an effect of cognate facilitation when reading speed was slower.  
Separate analyses for the noun and verb data yielded effects that were of a 
similar nature. The noun model showed a main effect of L2 reading speed, 
F(1,922) = 318.16, p < .001, and a trend towards an interaction between L2 
reading speed and orthographic similarity, F(1,922) = 3.31, p = .07. Likewise, 
the verb model showed an effect of L2 reading speed, F(1,793) = 235.25, p < 
.001, as well as an interaction between reading speed and orthographic 
similarity, F(1,793) = 4.49, p < .05. The trend for a main effect of orthographic 
similarity present in the model was not observed in the analyses of variance, 
nor in the numeric data (see Tables 9 and 10). All effects went in the same 
direction as those reported for the nouns and verbs combined, showing more 
cognate facilitation for the slower readers. 
 
Table 9. 
Mean Reading Times for Noun and Verb Cognates and Controls 
 Non-cognate Cognate Facilitation 
Nouns 425 (274) 389 (171) 36 ms 
Verbs 436 (200) 432 (198) 4 ms 
 
 
  
Cognate effects in sentence context | 93 
 
Table 10.  
Fixed Effects of the Linear Mixed Effect Models for Reading Times in the Self-Paced 
Reading Task on the Target Word. 
  Estimate Std. Error t value 
Overall (Intercept) 4.69 0.08 57.07 
 Word class -0.03 0.10 -0.25 
 Orthographic similarity 0.17 0.10 1.59 
 L2 Reading speed 0.00 0.00 15.27 
 
Word class x  
Orthographic similarity 0.11 0.19 0.62 
 
Word class x  
L2 Reading speed 0.00 0.00 1.23 
 
Orthographic similarity x 
L2 Reading speed -0.00 0.00 -1.72 
 
Word class x  
Orthographic similarity x  
L2 Reading speed -0.00 0.00 -0.70 
Nouns (Intercept) 4.67 0.08 57.12 
 Orthographic similarity 0.17 0.10 1.69 
 L2 Reading speed 0.00 0.00 15.10 
 
Orthographic similarity x  
L2 Reading speed -0.00 0.00 -1.82 
Verbs (Intercept) 4.64 0.10 46.93 
 Orthographic similarity 0.29 0.15 1.90 
 L2 Reading speed 0.00 0.00 13.75 
 
Orthographic similarity x  
L2 Reading speed -0.00 0.00 -2.12 
 
 
Discussion 
Similar to Experiment 1, the self-paced reading data demonstrated that nouns 
were read faster than verbs. Furthermore, cognate facilitation effects were 
dependent on L2 proficiency as expressed by reading speed, but not when L2 
proficiency was measured by self-ratings. Other than in the first experiment, 
the proficiency dependent cognate effect was present for both nouns and 
verbs.  
These data thus indicate that a verb cognate facilitation effect can also be 
observed in sentence context, which to some extent resembles the findings of 
other studies (Balling, 2012; Van Assche et al., 2013). The extent to which this 
effect emerges seems to depend on the task and the measure of L2 reading 
proficiency. A trend towards a proficiency dependent cognate facilitation effect 
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was also present for nouns, similar to Experiment 1 and other studies (Duyck 
et al., 2007; Libben & Titone, 2009; Schwartz & Kroll, 2006; Van Assche et al., 
2011; Van Hell & de Groot, 2008).  
The main differences between Experiments 1 and 2 pertain to the cognate 
effect for verbs, and the proficiency measure. The self-paced reading task did 
not replicate the opposite proficiency modulated cognate effect for verbs, as 
observed at first fixation duration in the eye-tracking experiment. In 
combination with the fact that nouns showed no significant effects of cognate 
facilitation at first fixation duration and the pattern observed at later reading 
time measures for verbs, this finding in the eye-tracking experiment can be 
considered highly remarkable and possibly spurious.  
Although the two proficiency models did not lead to similar outcomes, 
the self-paced reading experiment replicated the proficiency modulation of 
noun cognate effects in the eye-tracking experiment. In combination with the 
observed correlations between the different L2 proficiency measures, this 
suggests that reading speed is an appropriate measure of reading proficiency in 
this kind of task. This suggests that reading proficiency is best established in a 
task dependent manner. The importance of reading speed in this task can be 
related to participants’ behaviour in performing the task. Self-paced reading 
may induce a rhythmic pattern in presses, meaning that participants tended to 
adopt an almost steady pace of clicking through the sentences. This may 
explain why reading speed had a major influence on the data.  
 
General Discussion 
In recent years, several studies have shown cognate facilitation effects in 
sentence context irrespective of language (e.g., Van Assche 2009; Van Hell & 
De Groot, 2008) or even semantic constraint (Van Assche et al., 2011). In 
doing so, researchers have pushed the limits of the effect, showing that cognate 
effects arise under a large variety of experimental conditions. The present study 
shows that there are boundaries to cognate facilitation: Differences in the 
syntactic class of items and in the bilinguals’ L2 reading proficiency modulated 
cognate facilitation effects. Furthermore, we predicted that task demands 
would influence the size of cognate facilitation. Two different research 
techniques, eye-tracking and self-paced reading, showed cognate facilitation 
effects were differently modulated by L2 proficiency and task demands for the 
two word classes. Eye-tracking data showed a proficiency dependent cognate 
facilitation effect in early and late reading time measures and skipping rates for 
nouns, indicating that cognate facilitation was reduced as bilinguals had a 
higher proficiency in L2, while no clear cognate effects were observed for verbs 
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in sentence context. In self-paced reading times, an effect of cognate 
facilitation was present for both nouns and verbs for slower readers. In sum, 
the data indicate that co-activation in sentence context depends on several 
factors that may reduce cognate facilitation effects. Below we further discuss 
the role of word class, L2 proficiency, and task demands. 
 
Verb cognate effects  
The present results showed that the cognate facilitation effect commonly 
reported for nouns embedded in a low-constraint sentence context is less 
strong for verbs. Although the same verb items yielded a cognate effect when 
presented in a minimally disambiguating phrasal context in a lexical decision 
task (Bultena et al., 2012), an effect in sentence context only emerged in the 
less sensitive self-paced reading task, but not in the eye-tracking experiment. 
This suggests that when reading times were prolonged by the use of a moving 
window paradigm, there was more room for cognate effects to occur. The 
reading times in the self-paced reading times most resembled first pass reading 
times in nature, but the self-paced reading times were considerably longer and 
may therefore have provided a larger time window for effects to occur.  
Because verb cognate facilitation was not observed as a general effect 
across both tasks, we can say that the presence of a sentence context did seem 
to reduce facilitatory processing of verb cognates. This could be explained in 
terms of semantic integration or syntactic processing associated with verbs 
embedded in sentences. If the construction of verb semantics is based on the 
surrounding sentence (see e.g., Taylor, Lev-Ari, & Zwaan, 2008), then a context 
consisting of non-cognate content words may exert a more language-specific 
influence on meaning processing of the verb. Such language-specific 
information may influence the bilingual processing of verbs. Furthermore, 
verbs involve syntactic processing, which may be more or less language-
specific, for example in relation to verb argument structure. However, as of yet 
few studies provide evidence for a language-specific influence of syntactic 
processing. A recent study by Van Assche, Duyck, and Brysbaert (2013) 
examining processing of present and past tense verb cognates embedded in an 
L2 sentence context, showed no influence of verb conjugation on cognate 
effects. Reading times showed a small facilitatory effect in one eye-tracking 
measure for verb cognates, the size of which did not differ between present 
tense and cross-linguistically less overlapping past tenses (Van Assche et al., 
2013). Another recent study pointed to the influence of word order as a 
possibly modulating factor of cross-linguistic activation (Gullifer, Kroll, & 
Dussias, 2011). 
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Alternatively, the reduced cognate effect for verbs may be driven by their 
smaller cross-linguistic orthographic and semantic overlap relative to nouns. 
Previous studies examining noun cognates have shown that cross-linguistic 
facilitation, in sentence context in particular, depends on the amount of shared 
orthography (see Duyck et al., 2007; Van Assche et al., 2009). Although verbs 
are characterized by less cross-linguistic orthographic similarity (see also Van 
Assche et al., 2013), verbs could also share fewer semantic features across 
languages (Van Hell & De Groot, 1998), which could also account for reduced 
co-activation. It must be noted that the degree of semantic similarity may be 
strongly related to orthographic similarity, given that a minimal degree of form 
overlap is required for a semantic effect to occur (see Dijkstra et al., 2010). 
More form overlap can thus aid the degree to which translation equivalents are 
considered semantically similar, which suggests that the degree to which 
cognate representations are shared is influenced by a combination of lexical 
and semantic connections in the mental lexicon (see Dijkstra, Grainger, & Van 
Heuven, 1999). The present data indicate that degree of form and meaning 
overlap for verb cognates is smaller than for noun cognates, such that reading 
verb cognates embedded in an L2 sentence context does not always yield 
convergent L1 activation for target words.  
 
L2 proficiency modulation  
The reading patterns observed for nouns and verbs indicate more cross-
linguistic activation for less proficient L2 readers. These findings extend the 
correlations observed by Libben and Titone (2009), which showed that noun 
cognate facilitation effects in L2 sentences decreased with increasing 
proficiency in L2. This implies that cognate facilitation is in part a result of a 
difference in relative activation strength of L1 and L2.  
The proficiency modulation is further evidence that the cognate 
facilitation effect is dependent on the relative activation of L1 and L2 
representations (Dijkstra & Van Hell, 2003). In localist connectionist models, 
such as the BIA+ (Dijkstra & van Heuven, 2002), this effect is explained by co-
activation of L1 and L2. Upon seeing an L2 cognate, the L1 lexical 
representation speeds up the activation of the presumably shared semantic 
representation, which causes cognates to be processed faster than non-
cognates. Co-activation of cognates depends on the relative resting state 
activation of lexical items, which determines the speed of lexical access. The 
relative activation of L2 and L1 representations varies with proficiency in the 
L2. The less proficient L2 users in the present study benefitted more from 
cross-linguistic overlap, suggesting that the relative activation of L1 
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representations is higher for these bilinguals. When unbalanced bilinguals 
process cognates in their weaker L2, lexical access mostly benefits from 
activation of the stronger L1 representation, meaning that the effect of L1 
activation is larger when L2 activation is relatively small. As a bilingual gains 
more proficiency in the L2, the activation of L2 word forms is speeded up due 
to more exposure to lexical items in L2, leading to more L2 activation. This 
means that L1 and L2 representational strength and activation become more 
similar and both cognate and non-cognate words in L2 are activated faster.  
The study also aimed to examine what measure is an appropriate measure 
of L2 proficiency in reading. The results of the two tasks suggest that this 
measure is task-dependent. Cognate effects in the eye-tracking study were 
sensitive to self-rated L2 reading proficiency but not to L2 reading speed, 
whereas the opposite pattern held for cognate effects in the self-paced reading 
times. This is discussed in more detail below.  
 
Task dependency  
The magnitude of cognate facilitation was sensitive to task demands. The 
extent to which cognate facilitation effects arise was shown to be task 
dependent, as indicated by the different findings regarding verb cognate effects 
in the eye-tracking and self-paced reading experiments. A larger time window 
due to slower processing thus seems to give more room for a small (or late) 
cognate effect to occur. Other studies also suggest that the size of cognate 
facilitation depends on task-related aspects. A comparison of the average 
reading times across similar eye-tracking studies shows that the numerical size 
of the cognate effect is variable (see Appendix I); it seems to partly depend on 
reading times. As indicated in the overview, the largest numerical effects are 
found in the studies by Duyck et al. (2007) and by Libben and Titone (2009). 
These studies also showed the slowest reading times over all, suggesting that 
longer processing times provide a longer time window for cognate facilitation 
to arise. 
Task demands also determine how precise the measurement is, as 
reflected by the different influences of L2 proficiency measures between the 
two tasks. Differences in reading strategies across self-paced reading and eye-
tracking may explain why different proficiency measures influence lexical 
processing in the two tasks. Self-ratings of reading proficiency were shown to 
be a better predictor of reading measured by eye-tracking, while reading speed 
was a better predictor in a task sensitive to pace of responding. Although 
explanations in this respect are highly speculative, it may be assumed that self-
ratings of reading proficiency index the ease of lexical access in natural reading 
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(for a related argument, see Mitchell & Green, 1978), while self-paced reading 
times are highly sensitive to reading speed. Furthermore, as an anonymous 
reviewer pointed out, re-readings of the text passages in the eye-tracking 
paradigm may have influenced the reading speed measure in Experiment 1, 
which could explain why reading speed had no influence on cognate effects in 
the eye-tracking measures. This reasoning leads to two conclusions. Firstly, one 
should be careful in evaluating results involving L2 proficiency differences. 
Secondly, exploring how proficiency should be defined and measured (at the 
lexical and/or at other levels of language processing) should be a topic to focus 
on in future studies. 
In conclusion, the present study indicates that co-activation of 
representations in the target and non-target language for cognates in L2 
sentence context does not only depend on the similarity between lexical 
representations, but also on syntactic category, proficiency in the L2, and task 
demands. The presence of a sentence context can restrict cross-linguistic 
activation for verbs. Also, cognate facilitation in L2 processing decreases with 
more reading proficiency in L2, but in a way that is sensitive to the task at 
hand. Furthermore, the size of the effect may be enhanced in particular tasks 
relative to others. On a methodological level, the present results show that it is 
important to be careful and cautious when measuring L2 proficiency in 
different tasks, because different measures may induce different results. On a 
theoretical level, the present results emphasize the role of individual differences 
and context in language processing and with respect to cross-linguistic effects. 
  
 
APPENDIX I: Comparison of noun cognate effects in eye-tracking studies 
present study (L2)  
N=37 control cognate facilitation  ITEMS control cognate  
FFD 214 (72) 211 (66) 3  length 4.9 4.93  
FPRT 273 (136) 265 (122) 8  frequency 1.81 1.85  
RPT 372 (316) 348 (262) 24  NHD 4.24 5.38  
TRT 417 (279) 379 (216) 38  cloze p .02 .03  
Duyck et al., 2007 (L2) 
N=34 control 
identical 
cognate 
facilitation control 
near 
cognate 
facilitation ITEMS control 
identical 
cognate 
near 
cognate 
FFD 278 249 29 249 252 -3 length 4.67 4 4,9 
GD 305 262 43 287 283 4 frequency 1.76 1.88 1,76 
CRRT 346 292 54 355 345 10 NHD 7.17 9.8 6,4 
       cloze p .005/.043 .005 .047 
Libben & Titone, 2009 (L2) 
N=30 
LC* 
control 
LC* 
cognate 
facilitation 
HC* 
control 
HC* 
cognate 
facilitation ITEMS control 
identical 
cognate 
 
FFD 326 307 19 263 229 34 length 6.39 6.39  
FPGD 365 329 36 300 261 39 frequency 1.43 1.49  
GPT 474 388 86 392 385 7 NHD 1.42 1.34  
TRT 600 505 95 464 458 6 cloze p .04/.49 .04/.48  
  
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LC: low-constraint, HC: high-constraint, NHD: neighbourhood density, cloze p: cloze probability.
Van Assche et al., 2011 (L2) 
N=62 LC control 
LC* 
cognate 
facilitation 
HC* 
control 
HC* 
cognate 
facilitation ITEMS control cognate  
FFD 239 (82) 230 (72) 9 228 (72) 219(70) 9 length 5.22 5.22  
GD 275 (115) 263 (109) 12 253 (101) 240 (96) 13 frequency 1.87 1.85  
GPT 321 (188) 298 (162) 23 287 (157) 270 (143) 17 NHD 4.69 4.41  
       cloze p  /.86 /.89  
Van Assche et al., 2009 (L1) 
N=45 control cognate facilitation     control cognate  
FFD 201 (53) 196 (49) 5        
GD 213 (66) 205 (63) 8        
RPT 249 (111) 239 (108) 10    cloze p .029 .024  
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APPENDIX II: Stimulus materials; target words are capitalized. 
 
Noun materials 
1 He convinces her to buy the ART / BED [kunst / bed] at the department store in 
town.  
2 He does not like to talk about the ERROR / DRAMA [fout / drama] out of a 
sense of guilt.  
3 I barely recognized the WITCH/ TITLE [heks / title] on the black and white 
cover of the magazine.  
4 Mary hesitates to show the MOVIE / PHOTO [film / foto] because she is afraid 
to be laughed at.  
5 My uncle calls the EDITOR / MUSEUM [redacteur / museum] to get the 
announcement on the exhibition.  
6 The attorney consults a LAWYER / EXPERT [advocaat / expert] for a detailed 
opinion on the matter.  
7 The boys ask permission to use the SPOON / MOTOR [lepel / motor] and then 
suddenly turn around.  
8 The brothers notice the AUNT / TEXT [tante / tekst] in the old picture of their 
grandmother.  
9* The builders demolish the WALL / BANK [muur / bank] in the old mall that will 
be renovated.  
10 The buyers accept the RULE / COST [regel / kosten] imposed by the town's 
local government.  
11 The campaigners halt before the WINDOW / STUDENT [raam / student] and 
do not dare to move further.  
12 The children visit the FARM / RACE [boerderij / race] on their annual outing to 
Germany. 
13* The critics bash the NOVEL / MEDIA [roman / media] for misinterpreting the 
subject entirely.  
14** The flyers contact their AIRPORT / PARTNER [vliegveld / partner] before 
taking off on a six-hour flight.  
15 The fortune-tellers know the DESTINY / DILEMMA [lot / dilemma] of the 
wealthy gentleman's fiancée.  
16 The governor worries about the SAFETY / STATUS [veiligheid / status] of the 
big aircraft after the crash.  
17 The hostess discovers the LIAR / MENU [leugenaar / menu] in the kitchen 
behind the wall.  
18 The inspectors review the CASE / WEEK [zaak / week] thoroughly to pinpoint 
their mistakes.  
19 The ladies watch the BOTTLE / DETAIL [fles / detail] in the cupboard with 
great interest.  
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20 The officers catch the FEAR / HAND [angst / hand] of the burglar as he reaches 
for his knife.  
21 The painting depicts the CITY / BABY [stad / baby] from above in a beautiful 
manner.  
22 The parents are surprised by the FAIRY / CHAOS [fee / chaos] in their 
children's bedroom. 
23 The participants submit the VOTE / FILM [stem / film] for the contest at the 
festival.  
24 The researchers look at the TRIBE / CLOCK [stam / klok] from a distance 
through their glasses.  
25 The residents dislike the PRISON / WINTER [gevangenis / winter] for the 
trouble experienced in the past.  
26 The servant adds the MEAT / WINE [vlees / wijn] to the vegetable mixture and 
leaves it to simmer.  
27 The spectators like the DRESS / STYLE [jurk / stijl] of the young model on the 
runway.  
28 The superiors invite the UNIT / TEAM [eenheid / team] for a short briefing in 
the office.  
29 The wives send a REPLY / PLANT [antwoord / plant] to their sick husbands in 
the nursery home.  
 
Verb materials 
1 The bandleaders CHANGE / START [veranderen / starten] the rehearsals for 
the choir after the disturbance.  
2 The blunt shopkeepers TERRIFY / ANALYSE [beangstigen / analyseren] the 
new customers as they enter the shop.  
3* The brave guards BETRAY / ASSIST [verraden / assisteren] the cruel queen of 
the poor country. 
4 The brown foxes HUNT / BITE [jagen / bijten] the newborn chicken in the 
forest.  
5 The careful attendants SHUT / WASH [dichtdoen / wassen] the large office 
windows in the evening.  
6 The courageous knights DESTROY / RESPECT [vernietigen / respecteren] the 
written commands of the ruler.  
7 The determined pupils KNOW / MAKE [weten / maken] the extensive recipe 
for the dish. 
8 The elderly people INJURE / INFECT [verwonden / infecteren] the grumpy 
nurse in the hospital.  
9 The experienced businessmen BORROW / INVEST [lenen / investeren] the 
required money at the agency.  
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10 The famous musicians RUSH / SING [haasten / zingen] the loud encore at the 
venue. 
11 The fast neighbors CYCLE / SPRINT [fietsen / sprinten] from the summit 
down to the village.  
12 The fearless boys want to SEDUCE / HINDER [verleiden / hinderen] the pretty 
women in the contest.  
13 The foreign guests CATCH / BREAK [vangen / breken] the empty plates in the 
dining hall.  
14* The fortunate kids TRY / WIN [proberen / winnen] the delicious pie on the 
wooden display.  
15 The frightened servants BRUSH / ALARM [borstelen /alarmeren] the black 
horses in the stable.  
16 The girls cannot RESIST / SELECT [weerstaan / selecteren] a single fragrance in 
the drugstore.  
17 The girls do nothing but SMILE / DRINK [glimlachen / drinken] all night while 
sitting in the corner.  
18 The hasty waiters CARRY / SERVE [dragen / serveren] the spicy food on a tray. 
19 The hikers decided to REMAIN / BEGIN [blijven / beginnen] close to home 
when the weather was bad. 
20 The intelligence agencies TORTURE / SPONSOR [martelen / sponsoren] the 
foreign traitor in secret. 
21 The smart cleaners SOLVE / STEAL [oplossen / stelen] the hidden number 
combination to the locker. 
22 The tidy housekeepers ADD / EAT [toevoegen / eten] the healthy vegetables in 
a hurry. 
23 The tired officers CONFUSE / INSPECT [verwarren / inspecteren] the similar 
looking cars at the crime scene. 
24* The unemployed parents BUY / SEE [kopen / zien] the expensive watch at the 
jewellery store.  
* = excluded in analyses Experiment 1, ** = excluded in analyses Experiment 2. 
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CHAPTER 4 
Language switch costs in sentence 
comprehension depend on language dominance:  
Evidence from self-paced reading 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract: This study investigated two prominent issues in comprehension of language 
switches. First, how does the language switching direction affect switch costs in sentence 
context? Second, are switch costs modulated by L2 proficiency and cross-linguistic 
activation? We conducted a self-paced reading task based on sentences that switched 
between participants’ L1 Dutch and L2 English. The cognate status of the main verb in 
the sentence was manipulated to examine the influence of co-activation on intra-
sentential switch costs. The reading times indicated an influence of switch direction: A 
cost was observed for switches into L2 but not for switches into L1, and the magnitude of 
the costs was correlated with L2 proficiency. This indicates that switch costs in language 
comprehension depend on language dominance and is in line with the finding that L1 
sentences were read faster than L2 sentences. Verb cognates did not influence the 
magnitude of switch costs in either direction, showing no support for a cross-linguistic 
modulation of switch costs. 
 
Bultena, S., Dijkstra, T., & Van Hell, J.G. (in revision). Language switch costs in 
sentence comprehension depend on language dominance: Evidence from self-
paced reading.   
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Chapter 4 
 
A prominent theoretical view on the retrieval of words from the bilingual 
mental lexicon is that the lexicon is organized and accessed in a language non-
specific manner (e.g., Dijkstra & van Heuven, 2002). This view implies that an 
input letter string can simultaneously activate representations from both the 
target language and the non-target language. Indeed, cognates, words that share 
form and meaning across languages (e.g., Dutch-English ‘drinken’–‘to drink’), 
are recognized and produced faster than non-cognates indicating co-activation 
of lexical codes in two languages (e.g., Acheson, Ganushchak, Christoffels, & 
Hagoort, 2012; Costa, Caramazza, & Sebastián-Gallés, 2000; Dijkstra, Grainger, 
& Van Heuven, 1999; Hoshino & Kroll, 2008; Lemhöfer et al., 2008; for 
reviews, see Van Assche, Duyck, & Hartsuiker, 2012; Dijkstra, 2005). However, 
research on language switching has shown that when bilinguals produce a word 
in one language and then produce another, unrelated, word in the other 
language, this switching incurs a cognitive cost: Producing a language-switched 
word takes longer than producing a non-switched word (for a review, see 
Meuter, 2009). This suggests that although languages can be active at the same 
time, they may not be active to the same degree, which implies that switching 
from one language to the other is associated with a measurable switching cost.  
The size of the switch cost is dependent on the direction of the language 
switch (from language A to B or vice versa), as shown by evidence from the 
language production domain (see Meuter, 2009). Furthermore, corpus studies 
on language production indicate that the likelihood of switching can be 
influenced by cross-linguistic overlap (e.g., Broersma & De Bot, 2006). Little 
work on these effects has been done, however, in the field of language 
comprehension (for a review, see Van Hell & Witteman, 2009). In the present 
study, we investigate whether switch costs in sentence comprehension are 
affected by the relative activation of a language resulting from differences in 
relative proficiency in L1 and L2, and whether these switch costs are 
modulated by cross-linguistic lexical activation. For that purpose, we conducted 
a self-paced reading task to measure how sentence internal switch costs in both 
directions preceded by a verb cognate are processed by unbalanced bilinguals. 
To set the stage for this study, we will first discuss literature on language 
switching, followed by a review of studies showing effects of cross-linguistic 
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activation on language switching. Throughout, we will highlight differences 
between comprehension and production.  
 
Language switching and language proficiency 
Empirical studies on language production show that switching from one 
language to another incurs a cognitive cost. In picture and number naming 
studies, the switch is accompanied by a slow-down in performance (e.g., 
Christoffels, Firk, & Schiller, 2007; Costa & Santesteban, 2004; Jackson, 
Swainson, Cunnington, & Jackson, 2001; Meuter, 2009; Verhoef, 2008). 
Although under normal circumstances, processing in the first language (L1) is 
easier than processing in the second language (L2), these switch costs tend to 
show an opposite pattern. Most of the naming studies indicate that backward 
switches from the weaker L2 back to the dominant L1 take longer than forward 
switches from L1 to L2 (Meuter & Allport, 1999; but see Costa, Santesteban, & 
Ivanova, 2006; Costa & Santesteban, 2004, for findings of equal switch costs in 
both directions with balanced bilinguals). This asymmetry is generally 
accounted for by the assumption that the non-target language representation 
must be inhibited during production to ensure that the intended lexical 
candidate in the target language is selected for output (see Green, 1998; Kroll, 
Bobb, Misra, & Guo, 2008). According to the Inhibitory Control Model 
(Green, 1998), it takes more effort to suppress the dominant, more active, L1 
representation during L2 production than vice versa. Due to a phenomenon 
known as ‘task set inertia’, the inhibition of L1 during processing on the 
preceding L2 trial carries over to the subsequent L1 trial (Allport & Wylie, 
1999). As a consequence, the re-activation of L1 following L2 production is 
more effortful than switching from L1 to the less suppressed L2.  
While language switching studies using a production task often examined 
switching between single, unrelated items (but see Misra, Guo, Bobb, & Kroll, 
2012), language switching studies using a comprehension task often examined 
reading times of a word in another language embedded in a meaningful 
sentence context. Studies that examined forward and backward switches in 
reading indicate a processing cost for language-switched words analogous to 
language production. However, the asymmetry in switch costs observed in 
language comprehension is not always similar to that observed in spoken 
responses to cued targets.  
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Ibáñez, Macizo, and Bajo (2010) examined lexical access and language 
control in bilinguals and professional translators. Participants were visually 
presented with sentences in their L1 Spanish or L2 English, which contained a 
cognate. The language of the sentences switched between trials. When asked to 
read and repeat the sentences out loud afterwards, the bilinguals' self-paced 
reading times were slower for sentences in their L1 Spanish when the previous 
sentence was in their L2 English (switch condition) compared to when it was in 
the same language (non-switch condition), but showed no difference in reading 
times of English sentences that were preceded by either English or Spanish 
sentences. Furthermore, the bilinguals showed no cognate effect, suggesting 
that selection of one language in a mixed language context did not leave room 
for co-activation of the non-target language. The translators, on the other 
hand, showed no switch cost in either direction, but did show a cognate 
facilitation effect in both L1 and L2 reading times. When both groups of 
participants were asked to perform the cognitively less demanding task of 
reading the sentences without repeating them afterwards, both bilinguals and 
translators showed a cognate effect in reading L2 sentences, suggesting parallel 
activation of both languages, but no switch cost in either language. The data of 
the reading for repetition experiment, involving a production component, thus 
suggest a switch cost asymmetry similar to language production studies, 
whereas the reading experiment showed no evidence of switching costs.  
Electrophysiological studies provide further evidence for a difference in 
comprehension compared to production regarding the switch cost asymmetry. 
In an ERP study by Proverbio, Leoni, and Zani (2004), comprehension of 
language switching was examined in simultaneous interpreters who read 
sentences containing language switches in both switching directions. RT data 
revealed that forward switches from L1 to L2 were processed slower than 
backward switches. In agreement with the behavioural findings, ERPs showed 
a difference between switches from L1 to L2 compared to switches from L2 to 
L1 in the form of an N400 effect, a negative-going brain wave at about 400 ms 
following the critical event, indicating a lexical integration difficulty. This N400 
effect was smaller for switches from L2 to L1 (a similar asymmetrical effect 
regarding the N400 for sentence comprehension was observed by Brenders, 
2004, described in Van Hell & Witteman, 2009). Because the N400 showed no 
main effect of language in the non-switch condition, the authors argued the 
switch asymmetry could not be due to proficiency differences between L1 and 
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L2. Age of acquisition instead of L2 proficiency was put forward to explain 
why comprehension of forward switches was easier than backward switches. 
The authors proposed that the L1 word form directly activates meaning, 
because L1 is acquired prior to L2; therefore, it is easier to integrate an L1 
word at the end of an L2 sentence. Note, however, that the participants tested 
were professional simultaneous translators, who were highly skilled in both 
languages as well as in switching, which may explain why no proficiency 
differences were observed by Proverbio et al. 
A similar pattern of switch costs was observed in a sequential word 
reading task by Alvarez, Holcomb, and Grainger (2003). Their task, performed 
by unbalanced bilinguals who were late L2 learners, involved within-language 
and between-language repetitions of (non-cognate) words. In both conditions, 
a repetition effect was observed as indicated by a decrease in the N400 
amplitude for the second word of a pair. This repetition effect was smaller in 
the between-language condition compared to the within-language condition, 
indicating translations are more difficult to process than same language 
repetitions. The observed within-language effect was larger in L2 than in L1, 
indicating a proficiency effect. For the between-language condition, the L1 to 
L2 switches showed larger repetition effects in the time window immediately 
following the N400, whereas repetition effects for L2 to L1 switches were 
larger at an earlier time point that fell within the N400 time window. Alvarez et 
al. (2003) argued that language dominance (rather than age of L2 acquisition, 
see Proverbio et al., 2004) can account for the difference in time course for 
forward and backward switches. In line with the Revised Hierarchical Model 
(Kroll & Stewart, 1994; Kroll, Van Hell, Tokowicz, & Green, 2010), it was 
proposed that an L2 prime word automatically activates L1, thus speeding up 
recognition of a subsequently presented L2 target for the switches from L2 to 
L1, whereas the initial L1 word need not activate L2 automatically, hence the 
delayed repetition effect in the L1 to L2 condition. The notion that proficiency 
rather than age of acquisition is responsible for this effect is supported by a 
more recent study by Geyer, Holcomb, Midgley, and Grainger (2011), who 
tested the same repetition paradigm with balanced bilinguals with a late onset 
of L2 acquisition. Other than in Alvarez et al. (2003), Geyer et al. observed no 
asymmetry in translation priming effects and equal within-language repetition 
priming effects. All in all, this suggests that L2 proficiency plays a role in the 
obtained asymmetrical effects (see also Duñabeitia, Perea, & Carreiras, 2010). 
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Other studies on language switching in sentence processing support the 
notion that L2 proficiency affects switch costs. Moreno, Federmeier, and Kutas 
(2002) examined forward switches in English-Spanish bilinguals, dominant in 
English, using ERPs. Backward switches were not examined in this study. 
Unlike in the study by Proverbio et al., no unequivocal modulation of the N400 
was obtained for language switches, which suggests that language switches 
occurring in a sentence were not too problematic for these bilinguals at the 
semantic level. The study did report an enhanced Late Positive Component 
(LPC) for switched in comparison to non-switch sentences, which Moreno et 
al. (2002) interpret to reflect that bilinguals treat a language switch more as an 
unexpected event at a non-linguistic level.. Further, the LPC effect was 
modulated by L2 proficiency: more proficient bilinguals showed an earlier peak 
latency and smaller amplitude of the LPC than lower proficient bilinguals. 
More recently, Van Der Meij, Cuetos, Carreiras, and Barber (2011) tested high 
and low proficient Spanish-English bilinguals who read sentences in their L2 
English that contained a Spanish adjective (only backward switching was 
studied). Evidence was found for a switch cost for backward switches (unlike 
Proverbio et al. who only found evidence for switching costs in forward but 
not in backward direction). Specifically, the L2-L1 switch evoked both early 
(N250) and later (N400, LPC) ERP effects that pointed to processing costs in 
relation to form, semantic integration and updating respectively. Interestingly, 
the results showed that N400 and LPC effects were present for both high and 
low proficient bilinguals, while the N250 effect was only present for the low 
proficient group. This indicates that more and less proficient L2 users may 
differently process language switches. 
The findings discussed so far suggest a difference between switch costs in 
production (naming of isolated items) and comprehension of language (in 
sentence context) in terms of switch cost asymmetries (see also Chauncey, 
Grainger, & Holcomb, 2008). The available comprehension studies, however, 
show mixed results. Some suggest that switching to L2 gives rise to a 
processing difficulty, whereas switching into the L1 does not (Proverbio et al., 
2004), which is in contrast to production studies indicating that switching into 
L1 is more demanding than switching into L2. Yet, other studies suggest 
switching from L2 to L1 similarly results in a switch cost in reading (Van Der 
Meij et al., 2011) or shows no switch cost in either direction for reading of 
sentences (Ibáñez et al., 2010). This raises the question how language switches 
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in sentence comprehension must be understood. Remarkably few behavioural 
studies have looked at sentence internal switch costs in both switching 
directions in comprehension (as in Proverbio et al., 2004), which implies there 
is little evidence to explain the nature of asymmetric switch costs in 
comprehension. Also, whereas the mechanism behind switch costs in 
production has been extensively discussed, studies conducted so far have not 
explicitly addressed the mechanism driving the asymmetric switch costs in 
comprehension of language switches. Given processing differences between 
comprehension and production of language (see also Gollan et al., 2011; 
Pickering & Garrod, 2004), a different mechanism explaining switch costs in 
the two modalities may be assumed. In contrast to the pro-active nature of 
speaking, the understanding of language is reactive in nature, implying that 
inhibition as required in selection for production need not play a role, which is 
likely to influence effects of switching.  
In order to understand processing of language switches in 
comprehension, it is important to consider the source of switch costs. There 
are two opposing views on the origin of switch costs. One account holds that 
language switch costs are similar in nature to task switch costs in general, both 
of which are the result of stimulus/response task schemas outside the language 
system (e.g., Green, 1998). The other account assumes that costs associated 
with language switching are language-specific and stem from the lexicon. For 
example, Chauncey et al. (2008) showed effects of language switching in a 
masked priming task. Participants were visually presented with target words 
preceded by masked primes and had to perform a go/no-go semantic 
categorization task. On no-go trials, the language in which the words were 
presented could switch between the prime and target. This means that switches 
were processed subconsciously. The presence of a switch cost in the absence of 
executive control in such a task supports the claim that costs may not depend 
on inhibition. Recent studies provide evidence that mechanisms for task 
switching and language switching differ (e.g., Della Rosa, 2011), giving rise to 
believe that language switch costs may in part be specific to language.  
In sum, the present evidence on language switching in comprehension 
shows mixed results concerning asymmetrical switch costs, leaving the debate 
on the origin of switch costs unsettled. Most studies conducted so far do 
suggest a modulating role for language proficiency. Another factor that has 
been suggested to modulate switch costs is cross-linguistic overlap. 
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Effects of cross-linguistic activation on language switching 
There is reason to believe that the ease of language switching can be influenced 
by the presence of cross-linguistic overlap. This is supported by the notion that 
more switching occurs between highly similar languages (see Rodriguez-
Fornells, Krämer, Lorenzo-Seva, Festman, & Münte, 2011). Secondly, there is 
evidence that local cross-linguistic lexical activation, as present for cognates, 
can affect switching between languages in sentence context. This idea was 
originally put forward in Clyne’s trigger hypothesis (2003), based on the 
observation that the switches of habitual code switchers seemed to co-occur 
with lexical overlap between languages. A name associated with the L2 may, for 
example, enhance the likelihood of a switch to this L2 when someone is 
speaking in their L1, such as in the case of “Maar 't is een andere stad dan 
Melbourne of course” [‘But it is a different city than Melbourne of course’]. Here 
the name Melbourne can be said to have triggered the continuation of the 
Dutch sentence in English. Clyne (2003) proposed that, similar to proper 
nouns, cognates can facilitate switching to the other language. 
Cognates are translation equivalents that also overlap in form, such as the 
English verb ‘to start’ and the Dutch verb ‘starten’, and are assumed to be 
more closely linked in the lexicon than words that are dissimilar across 
languages, such as the English-Dutch translation equivalents ‘to cycle’ and 
‘fietsen’. Due to activation spreading, associative connections between lexical 
representations give rise to additional non-target language activation for words 
that are cross-linguistically similar in orthography, phonology, and semantics 
(Dijkstra et al., 1999; Van Hell & De Groot, 1998). As a result, cognates are 
processed faster and with fewer errors than non-cognates in visual word 
recognition (e.g., Dijkstra, Miwa, Brummelhuis, Sappelli, & Baayen, 2010; 
Duyck, Van Assche, Drieghe, & Hartsuiker, 2007; Lemhöfer et al., 2008; 
Lemhöfer & Dijkstra, 2004; Schwartz & Kroll, 2006) and word production 
(Christoffels et al., 2007; Costa, Caramazza, & Sebastián-Gallés, 2000; Poarch 
& Van Hell, 2012). The trigger function of cognates is thus explained by co-
activation. The heightened availability of words in the non-target language can 
trigger a switch to that other language.  
On the basis of a corpus study, Broersma and De Bot (2006) found that 
the probability of a language switch in the speech samples of three Moroccan-
Dutch bilinguals was statistically higher in the direct neighbourhood of a 
cognate. A later study replicated this observation in code-switches produced by 
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Russian-English bilinguals as well as Dutch-English bilinguals (Broersma, 
Isurin, Bultena, & De Bot, 2009), which showed that the effect is not restricted 
to distant languages (Russian-English), but is also present for typologically 
similar languages (Dutch-English). These corpus studies are considered to be 
proof for the cognate trigger hypothesis. 
Apart from the observation that cognates enhance the degree of switching 
as observed in corpora of naturally occurring code-switches, there are also 
experimental data supporting the trigger hypothesis. Kootstra, Van Hell, and 
Dijkstra (submitted) examined the effect of cognates on code-switching 
behaviour using picture description. Dutch-English bilinguals were asked to 
describe pictures in a dialogue setting involving a confederate who also 
described pictures. The pictures included cognates such as the Dutch-English 
word “baby”, and participants were instructed to code-switch on particular 
trials. In case the confederate had switched in the previous trial, participants 
more often switched when describing a picture that depicted a cognate 
compared to when it depicted a non-cognate. This showed that the frequency 
of switching was enhanced by the presence of cognates, indicating that 
cognates facilitated processing of multiple languages (see Kootstra, Van Hell, & 
Dijkstra, 2012, for a similar lexical effect in structural priming; see also 
Broersma, 2011, for related findings). 
So far, studies testing the triggering hypothesis for cognates have involved 
language production. In the present study, we wanted to investigate whether a 
similar trigger effect could be observed in comprehension. Production data 
have shown that cognates can enhance the likelihood of switching. Because the 
likelihood of switching cannot be manipulated in language comprehension, we 
focused on the magnitude of the switch cost instead. If comprehension of 
switches is facilitated following a cognate, an effect may arise in terms of a 
reduction in the magnitude of switch costs.  
 
The present study 
In this study, we examined to what extent L2 proficiency and cognates 
modulate language switch costs in sentence comprehension. Comprehension of 
language switching has predominantly been tested using EEG with single word 
priming (e.g., Alvarez et al., 2003; Geyer et al., 2011) or with single word 
insertions in sentences in another language (e.g., Moreno et al., 2002; Proverbio 
et al., 2004; Van Der Meij et al., 2011). In the present study, we examine the 
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cognitive processing of full language switches (i.e., no single word insertions) at 
mid-sentence position during reading to examine switch effects in sentence 
continuation. We employed a self-paced reading task to examine which factors 
influence switch costs and to test the trigger hypothesis in sentence 
comprehension. Bilinguals were visually presented with sentences in Dutch and 
English that could contain a switch preceded by a cognate. We manipulated the 
cognate status of the sentence main verb, which always came right before the 
switch, to see if cognate verbs modulate the size of the switch cost. Within 
sentence context, the main verb carries the syntactic structure and is therefore 
prominent for sentence processing. The choice for manipulating the verb was 
motivated by the notion that co-activation for verbs might be enhanced, as the 
verb can directly activate syntactic structures in two languages in case sentence 
structures overlap between languages. Similar to nouns, verb cognates have 
been shown to give rise to a facilitation effect in lexical decision (e.g., Bultena, 
Dijkstra, & Van Hell, 2012; see Chapter 2 of this thesis), even though they are 
less similar across languages in terms of word form and meaning. Furthermore, 
an analysis of corpus data showed no difference in the triggering potential of 
different word categories, which, amongst others, included nouns and verbs 
(Broersma, 2009). Moreover, corpus data indicate that Russian-English 
cognates with limited form overlap also had triggering potential (Broersma et 
al., 2009). Finding an effect of the cognate on switch costs with less 
overlapping verb cognates would provide strong evidence for the trigger 
hypothesis in language comprehension.  
We made the following two major predictions: First, in line with relative 
L1 and L2 proficiency and given that a role of proficiency is suggested in both 
comprehension (e.g., Van Der Meij et al., 2011) and production (Costa & 
Santesteban, 2004) studies, we predicted to find a switch cost asymmetry 
depending on language dominance for unbalanced bilinguals. That is, we 
expected that switches into the less proficient L2 should be harder than 
switches back into the dominant L1. If language dominance drives switch 
costs, then these costs and the magnitude thereof should also depend on 
bilinguals’ relative proficiency in the two languages. We therefore also 
examined the role of relative proficiency on the size of switch costs. Second, 
we hypothesized that switch costs would be modulated by the presence of a 
cognate in the sentence, as observed in language production. If cognates 
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function as trigger words that lead to lexical facilitation, it should be easier to 
switch at a lexical level, as evidenced by reduced switch costs.  
 
Method 
Participants 
Sixty-eight Dutch-English bilinguals (19 males), students drawn from the 
Radboud University participant pool, between 18 and 32 years of age (M = 22, 
SD = 4) took part in the experiment. All participants were native speakers of 
Dutch and had learned English at school as an L2 starting around the age of 
11. To assess their L2 proficiency, all participants performed the English 
version of XLex vocabulary knowledge test (Meara, 2006) This non-speeded 
lexical decision task, including more and less familiar words as well as non-
words, determines a participant’s vocabulary range in English and is generally 
taken as an indication of proficiency. The participants mean score was 91.26% 
(SD = 8.16), indicating that their average proficiency in English was relatively 
high. Language background questionnaires showed individual differences 
among the learners in terms of L2 proficiency. Included in the group of 
participants were some students of English, also one student who had learned 
English in an immersed setting at secondary school, and several students who 
indicated that they were exposed to native English regularly via friends or 
family; the scores of this subgroup of participants on the XLex task were 
higher (M = 89.53%, SD = 8.75, N =17) than those who did not report any 
additional exposure to English (M = 79.67%, SD = 15.19, N =51) and this 
difference was significant (p < .05). Variation in L2 proficiency was therefore 
accounted for in the analyses of the data. None of them reported any reading 
problems. Participants were paid a small amount of money or received course 
credit for their participation. 
 
Stimulus materials 
Forty different sentences were created. All sentences were declarative main 
clauses with an SVO construction. This syntactic structure is common in both 
English and Dutch. The experiment involved a 2 (English or Dutch) by 2 
(cognate or non-cognate) by 2 (switch or non-switch sentence) factorial design, 
yielding eight possible versions of each sentence. In all cases, the verb was 
manipulated for cognate status and was always presented in its infinitival form. 
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A switch was always located directly after the verb. Dutch and English 
sentences were exact translations (see Table 2).  
For each cognate verb, a control verb was selected that fitted in the same 
sentence context as the cognate verb (see Appendix I). The predictability of the 
target word in context was assessed in a separate rating task. Thirty-two 
different Dutch-English bilinguals, from the same participant pool as the actual 
experiment, were shown the sentence onset of all forty sentences up to the 
verb. The presented sentence fragments were either in Dutch or in English and 
all conditions were counterbalanced across participants, such that they saw 
either the cognate or control verb in one language. Participants were asked to 
rate the predictability of the verb in relation to the preceding noun phrase on a 
scale from 1 (very surprising) to 7 (very predictable). Univariate analyses by 
participants and items with language and cognate status as between-subject 
variables showed no significant differences for either comparison (all p’s 
>.100). Mean values can be found in Table 1. Target verbs were furthermore 
matched both within languages (cognates vs. controls) and between languages 
(Dutch vs. English) with respect to lemma frequency (p’s >.100) as obtained 
from the CELEX database (Baayen, Piepenbrock, & Gullikers, 1995). Verbs in 
Dutch and English could not be matched in word length, because Dutch verbs 
were on average two letters longer due to a fixed –en suffix for infinitival verbs. 
Independent samples t-tests indicated that cognate and control verbs in both 
Dutch and English conditions did not differ from each other with respect to 
word frequency and word length (all p’s > .1).  
The cognate status of all verbs was assessed with two measures of 
orthographic similarity. Cognates (M = .71, SD = .97) and controls (M = .10, 
SD = .08) substantially differed in terms of Van Orden’s similarity measure 
(Van Orden, 1987); similarly, the Levenshtein distance indicated more letter 
transitions for controls (M = 6.18, SD = 1.39) compared to cognates (M = 
3.10, SD = .96). All lexical items in the sentences other than the manipulated 
verbs were non-cognates, and no loan words were used. Furthermore, noun 
translation equivalents in the Dutch and English sentences following the verb 
at WP6 and WP9 were matched across languages on word form frequency and 
word length in letters (all p’s > .1; see Table 2 for descriptive data). Sixty filler 
sentences were added, which could start in Dutch or English. Half the filler 
sentences contained a switch, which could be located at different positions in 
the sentence. The syntactic structure of filler sentences differed from that of 
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target sentences in that they contained inflected past or present tense verbs, or 
passive constructions. 
  
 
 
Table 1 
Mean Values of Frequency, Length, and Predictability for Cognate and Control Verbs and Subsequent Nouns in the Sentences Across 
Languages.  
 Verb (WP4)    Noun (WP6)  Noun (WP9)  
 L1 cognate L1 control L2 cognate L2 control L1 L2 L1 L2 
Frequency 1.67 (.69) 1.81 (.73) 1.77 (.66) 1.88 (.71) 1.35 (.59) 1.42 (.53) 1.46 (.70) 1.65 (.60) 
Length in letters 7.53 (1.96) 7.33 (1.46) 5.18 (1.53) 5.20 (1.45) 7.18 (2.69) 6.60 (1.84) 6.45 (2.50) 5.85 (1.87) 
Length in syllables 2.60 (.90) 2.50 (.64) 1.38 (.63) 1.40 (.63) 2.05 (.85) 1.90 (.74) 1.93 (.92) 1.68 (.85) 
Predictability 4.30 (.49) 3.98 (.58) 4.31 (.62) 4.29 (.39)     
Frequency is indicated by logarithmic values, word length is expressed in number of letters, predictability ratings are based on a 7-point Likert 
scale. 
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Conditions were counterbalanced across groups according to a Latin 
square design. Eight different lists were constructed, such that all combinations 
of language, switch, and cognate manipulations appeared equally often across 
the lists. Each experimental list contained one version of each sentence. A 
comprehension question was constructed for each sentence, to which 
participants had to answer ‘yes’ or ‘no’. Comprehension questions addressed 
the lexical content of the sentences with respect to the first, middle, or last part 
of a sentence. 
 
Procedure 
Participants were tested individually on a Windows XP Intel® Pentium® 
4CPU computer with a 17-inch Philips 107MB monitor (60Hz refresh rate). 
The experiment was designed and run with Presentation software 
(Neurobehavioral Systems, 2009) and RTs were measured via a button box. 
Participants were seated at approximately 60 cm from the computer screen. 
Prior to the experiment, participants performed the English XLex task 
(Meara, 2006), to assess their level of English proficiency. Before the start of 
the self-paced reading task, participants received Dutch instructions on the 
computer screen, which encouraged them to read silently at a normal pace that 
allowed them to answer comprehension questions. The instructions 
emphasized that participants had to use the index finger of their dominant 
hand to press the button in order to perform the task. The experiment started 
with 20 practice sentences.  
Sentences were aligned to the middle of the screen in a white 22 pts. 
Courier New font on a black background. Sentences were presented using a 
self-paced reading variant of the moving window paradigm (Just, Carpenter, & 
Woolley, 1982), meaning that each sentence was presented word by word 
controlled by the participant. Sentences were initially dashed, with each dash 
corresponding to a letter on the screen (e.g., ___ _______ for ‘the sailors’). By 
indicating the number of words, letters and spaces, the actual reading pattern 
was preserved as much as possible. When a participant clicked a button, a 
dashed line changed into the first word of the sentence; upon the next click, 
the next word was revealed while the first word changed back into its dashed 
form. Reading times for each word were measured from the moment a word 
was displayed until it disappeared from the screen. Every sentence ended with a 
period and was followed by a comprehension question that required a yes/no 
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response; feedback was only given when participants chose the wrong answer. 
Between two trials, a fixation cross was presented in the middle of the screen 
for 1000 ms. 
 
Results 
Prior to analysing the RT data, performance on the comprehension questions 
was evaluated. Two participants performed with an accuracy rate below 80%, 
and for that reason their data were discarded from the analyses. The data of 
one other participant were removed, because of poor performance on the 
XLex task (below 30%). For the remaining 65 participants, the data yielded 
8.2% errors over all. Furthermore, one sentence was deleted as a whole, 
because of an error in the presentation (marked in Appendix 1). Outliers were 
filtered for each of the 10 word positions (WP) separately; all items that were 
more than 2.5 SD away from the participant mean over a specific position were 
removed. Reaction times were analysed over correct trials only.  
A series of 2x2x2 ANOVAs was performed on the RT and accuracy data 
with language, cognate status and presence of a switch and as within-subject 
factors for the participant analyses (F1), and as between-subject factors in the 
item analyses (F2). Tests were conducted based on specific predictions for 
different word positions. Based on significant effects in the multivariate tests 
(see Table 2), univariate ANOVAs were conducted for separate word positions 
using Bonferroni adjusted alpha levels per comparison (corrected p = 
.05/number of tests), which are reported here (see also Tables 3, 4, 5). We first 
tested for effects of language and switching, and then examined whether these 
were influenced by the presence of a cognate. Furthermore, we examined 
effects of L2 proficiency based on XLex scores and a reading speed difference 
measure on the magnitude of switch costs. 
 
Effects of language and switching 
Effects of language were observed at the first four positions in the sentences 
before the switch in the overall dataset (see Figure 1 and Table 3). Univariate 
analyses revealed an effect of language at the determiner at WP1 with slower 
reading times in L2 (M = 380; SE = 13) than in L1 (M = 369; SE = 12), which 
was also present at the adjective at WP2, with significantly slower reading times 
in L2 (M = 482; SE = 20) compared to L1 (M = 435; SE = 14). A similar 
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significant difference between L2 (M = 528; SE = 26) and L1 processing (M = 
480; SE = 20) was observed at the noun at WP3. Also for the verb at WP4, 
readers took more time to process items in L2 (M = 490; SE = 16) than in L1 
(M = 474; SE = 16), but this was not significant after applying the Bonferroni 
correction. The accuracy data also showed a main effect of language, with 
better performance on sentences that started in L1 (M = 94%, SE = 8) 
compared to sentences that started in L2 (M = 91%, SE = 10), which was only 
marginally significant in the item analysis (see Table 5).  
We tested for an effect of switching at all positions following the language 
switch (WP5-WP10). Univariate analyses indicated a main effect of switching 
only at WP6, the first content word following the language switch, with 
significantly slower reading times for switched items (M = 459; SE = 17) in 
comparison to non-switched items (M = 440; SE = 15; see Figure 1 and Table 
3). The switch effect was subject to an interaction with language for content 
words following the switch. Analyses indicated a language by switch interaction 
for the noun at WP6 and the preposition at WP7. To examine the language by 
switch interaction, we conducted analyses over the two language switch 
directions separately (see Table 4). Switches from L1 to L2 showed a cost at 
WP6 with slower reading times for switched items (M = 473; SE = 18) 
compared to non-switched items (M = 419; SE = 15). A similar difference 
between forward switch (M = 395; SE = 12) and non-switch items (M = 373; 
SE = 10) was present at WP7. Switches from L2 to L1 showed no significant 
effect at WP6, although there was a numeric effect indicating faster processing 
for L2 to L1 switches (M = 449; SE = 16) compared to non-switches (M = 
462; SE = 17). Similarly, WP7 showed faster reading times for the backward 
switch sentences, (M = 377; SE = 10) compared to non-switch sentences (M = 
391; SE = 10), which was significant only in the participant analysis. An 
overview of the effects of switching direction can be found in Table 4 and 
Figure 2. 
The comprehension accuracy data also showed a main effect of language 
switching, which only reached significance in the analysis over participants (see 
Table 5). Performance was better on sentences without a switch (M = 94%, SE 
= 7) than on sentences containing a switch (M = 91%, SE = 10). Similar to the 
reading times analyses, the accuracy data showed a language by switch 
interaction.To further examine the interaction effect, separate analyses on the 
two switching directions were performed (see Table 5). These showed that 
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switching from L1 to L2 (M = 91%, SE = 13) lead to worse performance 
compared to sentences that continued in L1 (M = 96%, SE = 7), whereas 
switches from L2 to L1 yielded no difference in performance (M = 92%, SE = 
13) compared to continuing in the L2 (M = 91%, SE = 14).  
 
Table 2  
Sample Sentences in English and Dutch.  
All target sentences followed the same structure: WP4 was manipulated for cognate status 
and switches occurred at WP5. 
 
 
Figure 1. Line Graph of Reading Times (+SE) for All Word Positions in Switch and 
Non-Switch Sentences in L1 and L2.  
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Word position 
L1-L2 L1-L1 L2-L1 L2-L2
WP1 WP2 WP3 WP4 WP5 WP6 WP7 WP8 WP9 WP10 
det adj noun cognate/ control  
verb 
det noun prep det noun . 
The sad boys drink/pour the juice from the bottle . 
De treurige jongens drinken/schenken de sap uit de fles . 
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Figure 2. Switch Costs From L1 to L2 and L2 to L1 per Word Position Computed as the 
Difference in RTs between Switch and Non-Switch Sentences.  
 
An anonymous reviewer suggested an alternative way to compute switch costs, 
namely by comparing forward switches from L1 to L2 with non-switch 
sentences in L2, and by comparing backward switches from L2 to L1 with non-
switch sentences in L1. In this way, the language of the switched constituent at 
WP6 overlaps with the language of the non-switch sentences. In terms of 
reaction times, this comparison showed a switch cost asymmetry that is 
opposite to the findings described above. Measured at WP6, a switch to L2 (M 
= 473; SE = 18) was not significantly slower than staying in L2 (M = 462; SE 
= 17), as indicated by univariate analyses over participants and items (p’s > 
.100), whereas a switch to L1 at the same word position (M = 449; SE = 16) 
was significantly slower than staying in L1 (M = 419; SE = 15), p < .01. 
Although this approach is generally adopted for the analysis of switch costs in 
naming tasks (e.g., Meuter & Allport, 1999), it does not seem the most 
appropriate method for analyzing intra-sentential switches. Reading times of 
words in sentence context are in part interdependent, meaning that when the 
sentence onsets preceding the switch do not overlap in terms of language, this 
may create an incorrect baseline measure of the actual cost involved in 
switching. The results in Figure 1 make clear that within the context of a 
sentence, the switches to L2 slowed the reader down, whereas switches to L1 
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lead to faster reading. We therefore opted for a comparison based on an 
identical baseline (same sentence onset) to calculate switch costs.  
 
Effects of cross-linguistic activation 
There was no difference in reading times between cognate (M = 482; SE = 17) 
and non-cognate control verbs (M = 483; SE = 15) at the verb at WP4 (see 
Table 3). In the continuation of the sentences (WP4 to WP10), there were also 
no interactions with language or switching (see Table 3). With regard to 
accuracy, there were no differences between cognate (M = 93%, SE = 9) and 
non-cognate sentences (M = 92%, SE = 10), and no interaction effects either 
(see Table 4). 
   
 
Table 3  
Results of Multivariate Repeated Measures Analyses over Reading Times Regarding Language, Cognate and Switching Manipulations 
  
  
F1 
   
F2 
    
Effect  measure Df F p η2p Df F p η2p significance 
Language WP1-4 4, 61 10.43 .000 .41 4,307 8.93 .000 .10 ** 
Cognate WP4 1,64 < 1   1,308 < 1   NS 
Language x Cognate WP4 1,64 < 1   1,308 1.08 .300 .00 NS 
Switch WP5-10 6,58 2.46 .035 .20 6,303 1.97 .069 .04 * 
Language x Switch WP5-10 6,58 6.20 .000 .39 6,303 4.40 .000 .08 ** 
Cognate x Switch WP4-10 7,57 < 1   7,298 < 1   NS 
Language x Cognate x Switch WP4-10 7,57 < 1   7,298 < 1   NS 
  
 
Table 4 
Results of univariate repeated measures analyses over reading times regarding language, cognate and switching manipulations   
   
F1 
    
F2 
     
Effect  measure Df MSE F p η2p Df MSE F p η2p significance corrected p 
Language WP1 1,64 2256.44 7.61 .008 .11 1,310 1818.86 7.10 .008 .02 .013 ** 
 
WP2 1,64 9727.78 29.40 .000 .32 1,310 6209.40 29.30 .000 .09 .013 ** 
 
WP3 1,64 26539.64 11.33 .001 .15 1,310 10820.35 18.52 .000 .06 .013 ** 
 
WP4 1,64 9175.98 3.68 .060 .05 1,310 6671.21 3.48 .063 .01 0.13 NS 
Switch WP5 1,63 6131.97 < 1 
  
1,308 4852.43 < 1 
  
.008 NS 
 
WP6 1,63 5880.17 7.54 .008 .11 1,308 5554.54 5.953 .015 .02 .008 ** 
 
WP7 1,63 2658.02 < 1 
  
1,308 2801.81 < 1 
  
.008 NS 
 
WP8 1,63 1525.58 2.45 .123 .04 1,308 1539.12 < 1 
  
.008 NS 
 
WP9 1,63 9202.53 
   
1,308 9295.81 < 1 
  
.008 NS 
 
WP10 1,63 19489.84 1.08 .302 .02 1,308 11913.98 < 1 
  
.008 NS 
   
 
 
  
Language x Switch WP5 1,63 2642.31 5.03 .028 .07 1,308 4852.43 2.03 .155 .01 .008 NS 
 
WP6 1,63 7848.73 19.08 .000 .23 1,308 5554.54 13.04 .000 .04 .008 ** 
 
WP7 1,63 3341.23 11.67 .001 .16 1,308 2801.81 10.34 .001 .03 .008 ** 
 
WP8 1,63 1281.55 < 1 
  
1,308 1539.12 < 1 
  
.008 NS 
 
WP9 1,63 13715.66 6.02 .017 .09 1,308 9295.81 3.90 .049 .01 .008 NS 
 
WP10 1,63 6574.04 < 1 
  
1,308 11913.98 < 1 
  
.008 NS 
Follow up analyses for the language by switch interactions 
L1-L2 WP6 1,64 8644.12 21.95 .000 .26 1,154 4768.57 21.33 .000 .12 ** .025 
L1-L2 WP7 1,64 3524.07 8.81 .004 .12 1,154 2887.39 6.71 .011 .04 ** .025 
L2-L1 WP6 1,64 5343.84 2.11 .151 .03 1,154 6340.52 < 1 
  
NS .025 
L2-L1 WP7 1,64 2424.04 5.39 .023 .08 1,154 2716.22 3.80 .053 .02 * .025 
  
 
Table 5 
Results of Univariate Repeated Measures Analyses over Accuracy Rates Regarding Language, Cognate and Switching Manipulations  
   
F1 
    
F2 
    
Effect  measure Df MSE F p η2p Df MSE F p η2p significance 
Language ACC 1,64 185.77 4.04 .049 .06 1,304 124.01 3.811 .052 .01 * 
Cognate ACC 1,64 187.02 < 1 
  
1,304 124.01 < 1 
  
NS 
Language x Cognate ACC 1,64 121.26 < 1 
  
1,304 124.01 < 1 
  
NS 
Switch ACC 1,64 141.61 5.14 .027 .07 1,304 124.01 3.20 .075 .00 * 
Language x Switch ACC 1,64 134.93 8.56 .005 .12 1,304 124.01 5.61 .018 .02 ** 
Cognate x Switch ACC 1,64 138.16 2.88 .094 .04 1,304 124.01 2.03 .156 .01 NS 
Language x Cognate x Switch ACC 1,64 148.19 1.73 .193 .03 1,304 124.01 1.10 .296 .00 NS 
Follow-up analyses for the language by switch interaction 
L1-L2 ACC 1,64 106.617 17.425 .000 .21 1,154 96.07 11.16 .001 .07 ** 
L2-L1 ACC 1,64 169.928 .145 .705 .00 1 151.42 < 1 .711 .00 NS 
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Effects of L2 proficiency 
We further considered whether L2 proficiency would affect switch cost 
patterns. Two measures of proficiency were used: The XLex score and the 
difference in average reading speed between L2 and L1. The latter measure was 
based on reading times for each word in the sentences without a switch in L1 
and L2 (see Libben & Titone, 2009). A higher score on the XLex indicates 
better proficiency in L2, whereas a larger reading speed difference (L2 minus 
L1) indicates a slower reading speed in L2 compared to L1. The latter score can 
therefore be considered as a measure of relative proficiency in the two 
languages. There was a marginally significant negative correlation between the 
two measures of proficiency [r(65) = -.24, p =.057], which indicated that a 
higher score on the XLex task tended to go together with a larger reading 
speed difference between L1 and L2. Switch costs in forward and backward 
direction were calculated as the difference in RTs per WP between switch and 
non-switch sentences.  
Negative correlations were observed between L1 to L2 switch costs and 
XLex scores at WP6 [r(65) = -.27, p < .05], at WP7 [r(65) = -.26, p < .05], and 
WP9 [r(65) = -.38, p < .01], indicating that a higher proficiency in L2 yielded 
smaller switch costs in forward direction (from L1 to L2). A comparable 
pattern was observed for the reading speed difference measure (L2 minus L1), 
in terms of a positive correlation with switch costs in the L1 to L2 direction, 
indicating that switching costs were larger for participants whose relative 
reading speed indicates less proficiency in L2. This effect was significant at 
WP6 [r(65) = .46, p < .001], WP7 [r(65) = .55, p < .001], and WP8 [r(65) = .41, 
p < .01]. For switches from L2 to L1, which yielded a numeric processing 
benefit rather than a switch cost after WP6, an opposite pattern of results was 
obtained. Facilitatory switch effects at WP9 showed a positive correlation with 
XLex scores, [r(65) = .32, p < .05], indicating less proficient L2 users showed 
more facilitation of switching back to L1. In line with this pattern, differences 
in reading speed showed negative correlations with switch effects at WP6 [r(65) 
= -.42, p < .001], WP7 [r(65) = -.36, p < .01], WP8 [r(65) = -.37, p < .01], and 
WP9 [r(65) = -.73, p < .001], implying that participants whose reading speed 
indicated a lower proficiency in L2 showed more facilitation for switching back 
to L1. 
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Discussion 
In order to examine whether switch costs in sentence comprehension are 
subject to effects of language proficiency and lexical triggering, we had Dutch-
English bilinguals read sentences containing language switches that were 
preceded by verb cognates using the self-paced reading paradigm. Reading 
times indicated faster processing for L1 compared to L2. Specifically, the 
sentence beginnings, prior to switching, showed that L1 sentence beginnings 
were read much faster than L2 sentence beginnings, which is in line with the 
fact that the unbalanced bilingual participants in the present study were less 
proficient in their L2. More importantly, the results showed a switch cost 
asymmetry, i.e., larger costs for L1 to L2 switches than L2 to L1 switches. The 
magnitude of the switch effects depended on how proficient bilinguals were in 
their L2, with less proficient bilinguals showing higher costs than more 
proficient bilinguals. There were neither effects of facilitatory processing on the 
verb cognate in both languages, nor of a cross-linguistic modulation of switch 
costs due to cognates.  
 
Switch cost asymmetry 
Comprehension of language switching resulted in asymmetric switch costs. 
Language switches from L1 to L2 showed a cost, evidenced by longer reading 
times for switches in the forward direction compared to sentences that 
continued in the L1. Specifically, the results indicated a major switch cost at the 
first content word following the forward switch, and a continued but reduced 
slow-down in reading times on content words in the remainder of the sentence. 
This pattern suggests the actual switch cost is short-lived and only present at 
the first switched content word, which points to incremental processing in 
sentence reading: Costs are incurred and resolved on the spot. The finding that 
no difference between the languages was observed at the very first switched 
word (the determiner at WP5) can be accounted for in terms of length and 
frequency. Because determiners in both languages are short and highly 
frequent, processing times are very fast at this position and likely at floor level. 
The subsequent content word at WP6 as well as the preposition at WP7 
showed a cost. The slow-down observed for the L1 to L2 switches suggests 
that processing in L2 is in general more difficult than processing in L1, which is 
also indicated by a difference between L1 and L2 processing in sentence 
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onsets. The effect of switching wears off at later positions after WP7. At the 
determiner at WP8, reading times may be too fast to show an effect, and the 
sentence wrap-up effect at WP9 and WP10 may overshadow language 
processing differences.  
In contrast to the forward switches, switches in the L2 to L1 direction did 
not indicate a switch cost. Reading times showed a null effect at the first 
switched content word, while in the continuation of the sentences, switches 
showed a small facilitatory effect, indicating that L1 content words were read 
faster than L2 translations at the same positions. The observed pattern suggests 
that the recognition of switches into the dominant language is barely 
hampering recognition, given that switches to L1 did not show any switch 
costs. Yet, the null effect at the first switched content word for L2 to L1 
switches suggests the benefit of processing in L1 does not start immediately, 
which could reflect an initial processing difficulty associated with the switch in 
agreement with findings of an L2 to L1 switch cost in EEG studies (Van der 
Meij et al., 2011).  
The present results on comprehending language switches in sentence 
context indicate that forward switches were more demanding than backward 
switches (see also Proverbio et al., 2004; Brenders, 2004, in Van Hell & 
Witteman, 2009). The asymmetry in comprehension seems best explained by 
differences in relative proficiency in L1 and L2 (see Alvarez et al., 2003). This is 
supported by the finding that switch cost in both directions were dependent on 
the participants’ relative proficiency in L2, which varied to some extent among 
the participants. For switches from L1 to L2, larger switch costs were observed 
for bilinguals with lower L2 proficiency, while the bilinguals showed more 
facilitation for switches from L2 to L1 bigger. A lower proficiency in L2 thus 
meant that L1 dominant bilinguals benefitted more from switching to their L1, 
while a higher proficiency in L2 decreased switch costs into L2, and showed 
smaller beneficial effects for switching to L1. Relative proficiency thus affects 
the magnitude of switch costs in sentence reading, which is supported by the 
finding that comprehension of particularly forward switches comes with a cost.  
The switch cost asymmetry in sentence context observed here is opposite 
to the pattern commonly reported in naming studies studying switching 
between unrelated items (e.g., Meuter & Allport, 1999), which are usually 
justified by an inhibitory account. The question to answer at this point is how 
to account for the opposite patterns of results in terms of switch cost 
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asymmetries. There are several differences between the circumstances under 
which the different results have been obtained. One key difference pertains to 
the time course of language-specific information in comprehension and 
production of language. Models of bilingual language production assume top-
down processing from concept to utterance, which means that the language of 
the output must be specified early on in the process in order to select the 
lexical candidate in the target language (De Bot, 2004; 1992; see also Costa & 
Caramazza, 1999; Kroll, Bobb, & Wodniecka, 2006; Levelt, 1989). In case of 
language switching, a task schema is assumed to guide the language of the 
output, which is held responsible for suppression of the non-target language 
(Green, 1998). In visual language comprehension, on the other hand, 
processing is driven by visual input that activates mental representations of 
words, implying bottom-up processing, at least in initial stages. According to 
the BIA+ model on recognition, language membership is identified at the word 
level, following feature and letter recognition, which means that language nodes 
are activated relatively late in the system (Dijkstra & Van Heuven, 2002). 
Because the system must be open to incoming input from both languages, 
inhibitory processes in the form of task schemas do not seem to apply to 
comprehension.  
In order to explain why a switch to L2 is harder to comprehend than a 
switch to L1, the difference in activation strength in the two languages should 
be considered. The relative activation of bilinguals’ languages depends on their 
proficiency in the L2, which is related to frequency. A higher frequency of 
occurrence increases the ease of activation. This means that the representations 
of lexical items in L1 have on average a higher resting level activation than 
those in L2, leading to faster activation of L1 representations. Therefore, when 
processing language switches in reading, it is easier to activate more frequently 
seen L1 words than L2 words, even when the L2 was processed earlier in the 
same sentence. Because recognition works mostly in a bottom-up fashion 
based on a word’s activation level, there is no need to suppress non-target 
language representations. Hence, switching to L1 bears no cost, because 
processing in L1 is easier than processing in L2; by the same argument, 
switching to L2 does yield a cost because processing in L2 is harder than in L1. 
This is in line with the proficiency dependent switch costs in both directions 
observed in the present study. Therefore, the strength of word representations 
in the mental lexicon rather than inhibitory processing seems to play a major 
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role in the costs associated with understanding of language switching. The 
present results showed no evidence for a cost in backward switches, suggesting 
that top-down language control, such as a suppression mechanism assumed in 
language production, is not supported by our data for recognition (but see 
Chauncey et al., 2008; Jackson et al., 2001). 
The above account does not yet explain why Ibáñez et al. (2010) in a very 
similar sentence comprehension study did find evidence for a switch cost 
asymmetry, similar to production studies, in the opposite direction. In their 
study, bilinguals showed larger switch costs in processing L1 sentences 
compared to L2 when reading sentences with the purpose of reproducing 
them. This is in line with the task set inertia observed in naming, suggesting 
that L1 was more strongly inhibited during reading of L2 sentences than vice 
versa. The lack of a cognate effect further supported an account based on strict 
language control. There is however, an important difference between the 
language switches in the study by Ibáñez et al. and the present study. In the 
former study, the language switch occurred between trials (similar to switching 
in naming of isolated items), implying that bilinguals could inhibit the non-
target language during the processing of an entire sentence. In our study, 
however, language switches were located at mid-sentence position, which 
meant that participants had to switch while comprehending the sentence. The 
context in the present study thus strongly demanded input driven processing, 
which can account for the guiding role of lexical activation rather than 
inhibition. We further note that the reading for repetition task in the Ibáñez et 
al. study included a preparatory production component, which may also 
account for the similarity in findings between their task and other studies 
examining switching in language production. Indeed, when reading the 
sentences for comprehension only without the instruction to repeat them out 
loud afterwards, the bilinguals in their study did not show a switch cost in 
either direction.  
Yet, the difference between comprehension and production processes 
may not be the only explanation why the present findings are different from 
those in naming tasks. Another difference between naming and the sentence 
reading paradigm that can account for the opposite switch cost asymmetries is 
the task used. The cued naming paradigm often applied in production studies 
involves an arbitrary language cue that can be interpreted both as a language 
and task switch, meaning that costs can originate both from switching between 
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languages and switching between cues (e.g., colour; see also Ibáñez, Macizo, & 
Bajo, 2010). The observed inhibition effect may therefore in part be inherent to 
task demands involved in the cued naming paradigm. Sentence reading 
excludes a task switch, because there is only a language switch. It may thus be 
questioned to what extent cued naming reflects proper language processing. 
Due to task demands, the processing involved in cued naming is more similar 
to task switching in general, involving inhibition and resulting in similar effects 
of task set inertia (see Allport & Wylie, 1999). The absence of a task switch in 
the present study seems to imply that a switch mechanism based on top-down 
controlled task schemas is not necessary in sentence comprehension. 
 
Cross-linguistic activation 
We hypothesized that if switch costs are incurred within the language 
processing system, implying they have a lexical basis, co-activation should be 
able to influence the magnitude of the cognitive cost associated with language 
switches in language comprehension. We therefore examined whether a switch 
cost modulation would be observed in terms of a smaller magnitude of switch 
costs in comprehension following a cognate. The present data do not show any 
effect of cognate status in processing of the verb cognate, or in terms of 
modulated switch costs. There are several explanations possible for the lack of 
cognate effects here.  
One reason for the absence of a cognate effect may be due to the nature 
of the cognates used. The size of the facilitation effect depends on 
orthographic similarity, particularly so in sentence context (Duyck et al., 2007). 
A comparison of the stimulus materials of similar studies showed that the 
orthographic overlap for verb cognates in the present study (mean score on 
Van Orden’s orthographic similarity measure = 0.71; see Van Orden, 1987) is 
somewhat lower than that of studies using Dutch-English nouns in an L2 
sentence context that find evidence for cognate facilitation with non-identical 
noun cognates. For example, noun stimuli in Duyck et al. (2007) included 8 
identical cognates (Van Orden score 1.0) and 22 non-identically overlapping 
items (Van Orden score 0.75); Van Assche, Drieghe, Duyck, Welvaert, and 
Hartsuiker (2011) reported that noun cognates had a Van Orden score of 0.40 
or higher. However, verb cognates have been shown to give rise to cognate 
facilitation effects in lexical decision tasks (e.g., Bultena, Dijkstra & Van Hell, 
2012; Van Assche, Duyck, & Brysbaert, 2013; Van Hell & de Groot, 1998). 
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Almost half of the stimulus materials of the present study were identical to the 
verb pairs used in Bultena et al. (2012), which showed cognate effects for 
nouns and verbs alike, despite differences in orthographic overlap. This 
suggests that, in principle, the used cognate and non-cognate verbs can give 
rise to cognate facilitation effects. However, recent evidence based on 
measurement of eye-movements has pointed out that verb cognate effects in 
sentence context are largely reduced in comparison to nouns (Bultena, Dijkstra, 
& Van Hell, in revision). Similarly, a recent study by Van Assche et al. (2013) 
examining processing of verb cognates in sentence context (reporting a Van 
Orden score of 0.64 for present tense and 0.55 for past tense cognate verb 
pairs) showed limited evidence for a facilitation effect, which may be due to 
reduced cross-linguistic overlap for verb pairs. This suggests that the cross-
linguistic overlap of the verb cognates embedded in sentences in our study may 
not have been high enough to yield a cognate facilitation effect. 
A difference in processing between nouns and verbs may thus have 
reduced the amount of co-activation. Indeed, in a related self-paced reading 
study on the effects of lexical triggering on code-switched sentences using 
noun cognates, Witteman (2008; see also Van Hell & Witteman, 2009) 
observed that noun cognates did reduce the effort for integrating switches, but 
only when switching from L2 to L1, and not from L1 to L2. This can be 
explained by a difference in relative proficiency of the bilinguals in their two 
languages. The amount of L1 activation during L2 processing is often larger 
than vice versa for unbalanced bilinguals because of a higher frequency of L1 
forms. For that reason, co-activation is assumed to be larger during L2 
processing, showing more facilitatory processing for L2 cognates compared to 
L1 processing (Van Hell & Dijkstra, 2002). Given that the modulating effect in 
Witteman’s study was only obtained following L2 cognates suggests that 
sensitivity to the trigger effect depends on L2 proficiency. The evidence for 
lexical triggering with better overlapping noun cognates suggests that the lexical 
overlap for the verb cognates in the present study was not sufficient to yield 
co-activation.  
An additional explanation for the variation in findings of lexical triggering 
may relate to the paradigm used. Originally, the trigger hypothesis was 
proposed based on corpus data containing speech samples of habitual code-
switchers. These corpus data suggested that cognates of all syntactic categories 
are equally likely to function as triggers (Broersma, 2009). While a less perfectly 
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overlapping cognate may be enough to trigger a switch in speech, possibly due 
to the additionally salient phonological overlap, it may not be enough to 
overcome switch costs on the receiving end when it is presented in print. Also 
Rodriguez-Fornells et al. (2012) suggest that the trigger effect is stronger in 
production compared to (auditory) comprehension.  
 
Conclusion 
The cost associated with language switching in comprehension differs from the 
cost observed in language production in which participants respond to single 
word targets that are cued for language. Using a task involving more natural 
language processing, the present findings show that recognition is primarily 
driven by relative proficiency of bilinguals in their two languages: In the 
understanding of an incoming signal, switching into the dominant L1 is easier 
than switching into L2. In line with those findings, the magnitude of switch 
cost was shown to depend on L2 proficiency. The asymmetry in switch costs in 
comprehension can therefore be explained by activation of lexical items 
dependent on L2 proficiency. This implies that differences between tasks and 
language modalities demand caution when interpreting switch costs. Whether 
cognitive costs for understanding of language switches can be modulated by 
the presence of verb cognates remains an open question. The present data 
provide no evidence for facilitatory processing of switches following verb 
cognates, which suggests that lexical overlap must be relatively high in order to 
generate such effects.  
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APPENDIX I Stimulus materials 
1 L1 De boze onderzoekers PUBLICEREN/ BELOVEN een herziening van hun stuk. 
   L2 The angry scientists PUBLISH/ PROMISE a revision of their piece. 
2 L1 De ervaren schilders SCHETSEN/ TEKENEN de bloemen van een afstand. 
   L2 The skilled painters SKETCH/ DRAW the flowers from a distance. 
3 L1 De gespierde bewakers TESTEN/ VERNIELEN de bankjes buiten het gebouw. 
   L2 The muscular guards TEST/ DESTROY the benches outside the building. 
4 L1 De bezorgde ouders KALMEREN/ TROOSTEN de peuter na de botsing. 
   L2 The concerned parents CALM/ COMFORT the toddler after the crash. 
5 L1 De slimme verkopers PARKEREN/ BESCHADIGEN de auto op het plein. 
   L2 The clever salesmen PARK/ DAMAGE the car on the square. 
6 L1 De gezonde arbeiders PLANTEN/ KAPPEN de boom achter de boerderij. 
   L2 The healthy workers PLANT/ CUT the tree behind the farm. 
7 L1 De beroemde schoonheden MOTIVEREN/ VERVELEN hun klanten tijdens het 
feest. 
   L2 The famous beauties MOTIVATE/ BORE their customers during the party. 
8 L1 De snelle leerlingen ZWEMMEN/ FIETSEN de afstand zonder een pauze. 
   L2 The fast pupils SWIM/ CYCLE the distance without a break. 
9 L1 De vermomde ridders BRENGEN/DRAGEN het slachtoffer naar de muur. 
   L2 The disguised knights BRING/CARRY the victim to the wall. 
10 L1 De werkloze verkopers STARTEN/ STEUNEN de jacht op de wasbeer. 
    L2 The unemployed salesmen START/ SUPPORT the hunt for the raccoon. 
11 L1 De vermoeide zusters STELEN/ VERVANGEN de kussens tijdens hun dienst. 
    L2 The tired nurses STEAL/ CHANGE the pillows during their shift. 
12 L1 De vervelende reizigers FILMEN/PLAGEN de vrouwen met hun mobieltjes. 
    L2 The annoying travellers FILM/ TEASE the women with their phones. 
13 L1 De huidige voorzitters VERWELKOMEN/ TELLEN de vreemden op de 
bijeenkomst. 
    L2 The current chairmen WELCOME/ COUNT the strangers at the gathering. 
14 L1 De dwaze brandweerlieden STIMULEREN/ BELONEN het besluit van hun 
neven. 
    L2 The foolish fire fighters STIMULATE/ REWARD the decision of their cousins. 
15 L1 De onzekere dames BREKEN/ZETTEN de spiegel op hun bureau. 
    L2 The insecure ladies BREAK/PUT the mirror on their desk. 
16 L1 De zwangere vrouwen KOKEN/ KRUIDEN de aardappelen met veel zout. 
    L2 The pregnant women COOK/SPICE the potatoes with much salt. 
17 L1 De vermoeide spelers GEVEN/VERPESTEN hun voorstelling op het strand. 
    L2 The tired players GIVE/SPOIL their performance on the beach. 
18 L1 Deze gehoorzame burgers PRODUCEREN/ BEZITTEN kogelvrije kleding van 
kleine vezels. 
    L2 These obedient citizens PRODUCE/ POSSESS bulletproof clothes from tiny fibres. 
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19 L1 De eenzame kunstenaars PRESENTEREN/ VERKOPEN hun schilderijen aan het 
publiek. 
    L2 The lonely artists PRESENT/ SELL their paintings to the audience. 
20 L1 De slechte tandartsen SIGNALEREN/ BEWIJZEN een fout in de behandeling. 
    L2 The bad dentists SIGNAL/PROOF a mistake in the treatment. 
21 L1 De kale chirurgen CONFRONTEREN/ VERRASSEN hun vrouwen met hun 
beslissing. 
    L2 The bald surgeons CONFRONT/ SURPRISE their wives with their decision. 
22 L1 De treurige jongens DRINKEN/ SCHENKEN de sap uit de fles. 
    L2 The sad boys DRINK/POUR the juice from the bottle. 
23 L1 De gespannen meisjes FORMULEREN/ VERTALEN een zin voor de meester. 
    L2 The tense girls FORMULATE/ TRANSLATE a sentence for the teacher. 
24 L1 Deze gretige mensen BEGINNEN/ EINDIGEN hun werkzaamheden op het 
platteland. 
    L2 These eager people BEGIN/ FINISH their duties in the countryside. 
25 L1 De zelfstandige boeren VERSPILLEN/BEWAREN hun voorraad voor het vee. 
    L2 The autonomous farmers SPILL/SAVE their supplies for the cattle. 
26 L1 De verbaasde vrouwen BAKKEN/ KOPEN een taart voor hun tante. 
    L2 The surprised women BAKE/ BUY a pie for their aunt. 
27 L1 De saaie docenten ZINGEN/ SPELEN een lied over een eekhoorn. 
    L2 The dull teachers SING/ PLAY a song about a squirrel. 
28 L1 De norse bazen KUSSEN/VERLEIDEN de schoonmakers in de kroeg. 
    L2 The grumpy chiefs KISS/ SEDUCE the cleaners in the pub. 
29 L1 De ijverige leerlingen VINDEN/KRIJGEN een vogel met één oog. 
    L2 The diligent pupils FIND/ GET a bird with one eye. 
30*L1 De bejaarde wandelaars GROETEN/ BELLEN de boer uit het dorp. 
    L2 The elderly hikers GREET/ CALL the farmer from the village. 
31 L1 De mollige zeelui ZIEN/TREKKEN een paard met een blessure. 
    L2 The chubby sailors SEE/ PULL a horse with an injury. 
32 L1 De beruchte leraren SELECTEREN/ STRAFFEN de leerlingen zonder een reden. 
    L2 The notorious teachers SELECT/ PUNISH the pupils without a reason. 
33 L1 De trotse ouders WASSEN/ BEHANDELEN hun kroost met grote zorg. 
    L2 The     proud parents WASH/ TREAT their offspring with great care. 
34 L1 De boze honden BIJTEN/VANGEN de dief achter de winkel. 
    L2 The angry dogs BITE/ CATCH the burglar behind the shop. 
35 L1 De angstige ridders KRONEN/ BOEIEN de koningin in de ochtend. 
    L2 The scared knights CROWN/ CHAIN the queen in the morning. 
36 L1 De voormalige voorzitters SPLITSEN/ BESCHERMEN hun eigendom tijdens de 
oorlog. 
    L2 The former chairmen SPLIT/ PROTECT their property during the war. 
37 L1 De zenuwachtige jongens HANGEN/ GOOIEN hun jassen in de kast. 
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    L2 The nervous boys HANG/ THROW their coats in the closet. 
38 L1 Deze toegewijde boeren VORMEN/ ZIJN een minderheid in onze samenleving. 
    L2 These devoted farmers FORM/ ARE a minority in our society. 
39 L1 De dikke zakenmannen WINNEN/ WILLEN een wedstrijd in het winkelcentrum. 
    L2 The fat businessmen WIN/ WANT a contest in the mall. 
40 L1 De uitgeputte scheidsrechters HINDEREN/ BELAGEN de spelers in hun spel. 
    L2 The exhausted referees HINDER/ HARASS the players in their game. 
* discarded from the analyses 
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CHAPTER 5 
Switch cost modulations  
in bilingual sentence processing:  
Evidence from shadowing 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract: In bilingual processing, cognates are associated with facilitatory processing due 
to co-activation between languages, while switching between languages is associated 
with a processing cost. This study investigates whether co-activation of cognates affects 
the magnitude of switch costs in sentence context. A shadowing task was conducted to 
examine whether verb cognates reduce switch costs in sentences that switched between 
participants’ L1 Dutch and L2 English. In addition, we considered cognate effects and 
switch costs were influenced by L2 proficiency, switching direction, and cross-linguistic 
overlap in syntactic structure. Unbalanced Dutch-English bilinguals were presented with 
L1 and L2 sentences that contained a language switch preceded by a cognate; sentences 
had an overlapping or non-overlapping syntactic structure in the two languages. 
Shadowing latencies showed an effect of language proficiency on switch direction: 
Switching to L2 was more costly than switching to L1. Switch costs in both directions 
were not modulated by the presence of a verb cognate, and neither of these effects was 
affected by syntactic structure or L2 proficiency. The results are interpreted in the light of 
bilingual processing and the lexical trigger hypothesis.  
 
Bultena, S., Dijkstra, T., & Van Hell, J.G. (under review). Switch cost modulations 
in bilingual sentence processing: Evidence from shadowing.   
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Bilinguals who speak more than one language fluently are quite able to switch 
between their languages. Yet, such switching between languages in production 
or comprehension is associated with a measurable cognitive cost (e.g., Meuter 
& Allport, 1999). This is the case even though numerous studies have shown 
that bilinguals access lexical representations from both languages in parallel 
from an integrated lexicon even during processing in a monolingual context 
(e.g., Dijkstra & Heuven, 2002; Duyck, Van Assche, Drieghe, & Hartsuiker, 
2007; Schwartz & Kroll, 2006; Van Hell & De Groot, 2008). The occurrence of 
bilingual activation in lexical processing raises the question whether such 
language non-specific processing can influence language-related switch costs. 
In the present study, we examined the relation between switch costs and cross-
linguistic lexical and syntactic overlap in sentence context. Using a shadowing 
task, we studied how language switching in sentences with a cross-linguistically 
similar or different syntactic structure is influenced by the presence of 
cognates, such as the English-Dutch word ‘film’, which share both meaning 
and form between languages. To set the stage for this study, we will first 
discuss switch costs and cognate effects in sentence processing, and then 
consider studies that investigate how cognates influence language switching.  
 
Language switching 
A typical finding in studies examining task switching is that it incurs a cognitive 
cost. In behavioural tasks, switch trials elicit longer RTs and more errors than 
non-switch trials (Monsell, 2003), because switching between tasks increases 
the cognitive load involved in processing. A similar cost is observed in language 
switching: When bilinguals are using one of their languages, a switch to their 
other language is costly. Switch costs are prominent in studies involving word 
processing in sentence context regardless of the modality of the language user: 
They are found in mixed-language sentence reading (e.g., Altarriba, Kroll, Sholl, 
& Rayner, 1996; Moreno, Federmeier, & Kutas, 2002; Proverbio, Leoni, & 
Zani, 2004; Van Der Meij, Cuetos, Carreiras, & Barber, 2011) and in 
experiments involving auditory presentation of sentences (FitzPatrick, 2011; 
Ruigendijk, Zeller, & Hentschel, 2010). Similar switch costs have been 
observed in speech production (e.g., Christoffels, Firk, & Schiller, 2007; Costa 
& Santesteban, 2004; Kroll, Bobb, & Wodniecka, 2006; Meuter & Allport, 
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1999; Philipp, Gade, & Koch, 2007; see Meuter, 2009 for a review), although 
the majority of these studies has been conducted using a picture naming 
paradigm involving single words instead of sentences. The cost associated with 
switching is very robust and can be observed in both switching directions. The 
robustness is also underlined by the finding of switch costs in voluntary 
switching when participants were free to switch on any experimental trial of 
their choice (Gollan & Ferreira, 2009). Even when language users can control 
their own speech output and a word in another language is more readily 
available, language switching is costly. 
The magnitude of switch costs in forward (L1-L2) and backward (L2-L1) 
direction is subject to an asymmetry that appears to be task-dependent. Picture 
and number naming studies often report that switching from L2 to L1 is more 
costly for unbalanced bilinguals than vice versa (e.g., Meuter & Allport, 1999). 
In contrast, evidence from sentence comprehension points to an asymmetry in 
the opposite direction. In comprehending words in sentence context, switching 
to the dominant L1 is easier than switching to the less dominant L2 (see Van 
Hell & Witteman, 2009 for a review). An ERP study by Proverbio and 
colleagues (2004) showed a larger N400 effect for switches from L1 to L2 than 
for switches from L2 to L1, indicating that switching to L2 leads to more 
problems of semantic integration. Although processing non-switch sentences 
in L2 was not harder than in L1 for the professional translators tested by 
Proverbio et al., the observed asymmetry can normally be accounted for in 
terms of differences in language proficiency. Switching to the non-dominant L2 
is harder than switching to the dominant L1, and seems dependent on how 
quickly representations in a language can be activated. This suggests that 
proficiency in the L2 can influence the switch cost asymmetry (see Costa & 
Santesteban, 2004) and possibly also the size of switch costs (see Chapter 4 of 
this thesis).  
The origin of switch costs is a much debated issue. The debate revolves 
around the question whether language switch costs are similar to general task 
switch costs that are incurred outside the lexicon (e.g., Green, 1998; Thomas & 
Allport, 2000; Von Studnitz & Green, 2002) or stem, in part, from language-
specific processes within the lexicon (e.g., Della Rosa, 2011). The Inhibitory 
Control Model (Green, 1998) supposes language non-specific activation of 
lexical items and therefore requires a mechanism to select the lexical candidate 
in the target language; it assumes that lexical selection for production involves 
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suppression of the non-target language. The model includes task schemas that 
control language output, but also control cognitive processing in general, 
implying that switch costs related to language switching are not different from 
general task switch costs (see also Moreno et al., 2002). Yet, most studies 
suggest that such switch costs are at least to some degree specific to language 
switching (e.g., Della Rosa, 2011), implying that costs in language 
comprehension stem in part from inside the lexicon. Although very few studies 
have explicitly adressed whether lexical factors influence switch costs (e.g., Van 
Heuven, Conklin, Coderre, Guo, & Dijkstra, 2011), recent findings from 
electrophysiological studies on switch costs in comprehension showed different 
early neural correlates that are assumed to reflect language-specific processes, 
related to both semantic (Proverbio et al., 2004; see also FitzPatrick, 2011) and 
lexical levels (e.g., Orfanidou & Sumner, 2005; Van Der Meij et al., 2011). The 
assumption that switch costs have a lexical basis is further supported by 
evidence showing that switch costs can be influenced by on-going lexical 
processing in a sentence, such as cross-linguistic activation, as is observed for 
cognates.  
 
Cognate effects 
When bilinguals process cognates, such as the English-Dutch word ‘film’, they 
have been shown to activate representations in both their languages (e.g., 
Dijkstra, Grainger, & Van Heuven, 1999). Cognates are activated faster than 
translation equivalents that lack form overlap, which is known as the cognate 
(facilitation) effect. There is by now quite some evidence for noun cognate 
effects in visual word recognition in language neutral contexts, where cognates 
were presented in isolation, relative to one-language control words (e.g., 
Brenders, Van Hell, & Dijkstra, 2011; Dijkstra, Miwa, Brummelhuis, Sappelli, 
& Baayen, 2010; De Groot, Borgwaldt, Bos, & Van den Eijnden, 2002; 
Lemhöfer et al., 2008; Peeters, Dijkstra, & Grainger, 2013; Van Hell & 
Dijkstra, 2002; Yudes, Macizo, & Bajo, 2010) and for cognates embedded in L2 
and L1 sentence contexts (see Van Assche, Duyck, & Hartsuiker, 2012, for a 
review). Similar findings of facilitatory processing for cognates have been 
observed in speech production using picture naming tasks (e.g., Costa, 
Caramazza, & Sebastián-Gallés, 2000; Hoshino & Kroll, 2008; Poarch & Van 
Hell, 2012). 
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Cognate facilitation is an indication of co-activation of the target and non-
target languages. Because representations for overlapping word forms in both 
of the bilingual’s language subsets are automatically activated, they together can 
activate a common semantic representation (e.g., Dijkstra & Van Heuven, 
2002), resulting in faster activation compared to non-cognate words. The 
degree of non-target activation for cognates is assumed to depend on a 
bilingual’s relative proficiency in the target and non-target language (Dijkstra & 
Van Hell, 2003). More proficiency in a language yields more activation of that 
language. This means that for an unbalanced bilingual who is dominant in L1, 
non-target activation of L1 during L2 processing will be stronger than non-
target activation of L2 during L1 processing. Because word forms in the more 
dominant L1 have been more frequently processed, they more easily generate 
non-target activation than L2 word forms, leading to stronger cognate 
facilitation in L2 processing (e.g., Christoffels et al., 2007). Co-activation 
depends on the strength of the representation, which is, in turn, dependent on 
L2 proficiency. Therefore, it is assumed that for unbalanced bilinguals, there is 
more non-target activation of L1 during L2 processing than vice versa, causing 
larger cognate facilitation in L2 processing (see also Chapter 4 of this thesis). 
Co-activation furthermore depends on stimulus characteristics, such as cross-
linguistic orthographic overlap (Dijkstra, Miwa, Brummelhuis, Sappelli, & 
Baayen, 2010; Duyck, Van Assche, Drieghe, & Hartsuiker, 2007) and may also 
depend on the sentence context. Using a reading task, Gullifer, Kroll, and 
Dussias (2011) examined processing of Spanish-English cognates in sentences 
with language specific and language non-specific syntactic structures, and 
showed that the most proficient and fastest Spanish-English bilinguals 
produced a decreased cognate facilitation effect in sentences with a language-
specific syntax. This points to a constraining syntactic influence on lexical 
effects.  
The studies discussed so far show that sentence processing is affected by 
language switching, which slows down lexical processing, and by co-activation 
for cognates, which speeds up lexical processing. An emerging question is how 
co-activation of cognates influences language switching in sentence context. If 
both switch costs and co-activation reside in the lexicon, then language non-
selective activation for cognates may affect processing of language switches.  
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Interactions between cross-linguistic activation and switching 
Bilingual effects in language processing often concern facilitation of reaction 
times due to cross-linguistic similarities, or switch costs resulting from cross-
linguistic differences. One study that investigated these two aspects of bilingual 
processing jointly is that by Ibáñez, Macizo, and Bajo (2010). These authors 
asked bilinguals and professional translators to read sentences that contained a 
cognate. The language of the sentence changed between trials. After reading, 
sentences were to be repeated out loud. In this ‘reading for repetition’ task, 
reading times of bilinguals showed a switch cost, but no cognate facilitation, 
while professional translators showed cognate facilitation in reading, but no 
switch cost. This suggests that the bilinguals did not co-activate their L1 and L2 
when they had to inhibit one language, while translators were able to activate 
both languages, which made switch costs disappear. When similar groups of 
participants were asked to only read the sentences, without repeating them 
afterwards, the results changed: In the read-only task both groups of 
participants showed cognate effects and no switch costs. This finding shows 
that effects of co-activation and switch inhibition can be dissociated, suggesting 
that co-activation can influence the occurrence of switch costs. Other studies 
examined more directly how processing of cognates can influence code 
switching  
The proposal that language switches can be influenced by the presence of 
cognates is based on the natural language data. On the basis of corpora 
containing code-switches, Clyne (2003) argued that language use of habitual 
code-switchers is determined by lexical availability, which means that language 
users use the first word that is available to them. This word can be from any 
language that is suitable in that context. Based on the assumption of lexical 
availability, Clyne predicted that switching would be easier and therefore more 
frequent after the processing of cognates, due to their similarity in form and 
meaning between two languages. These word forms are available in two 
languages and therefore make representations from another language system 
more accessible.  
Empirical evidence does indeed suggest that code switches can be 
triggered by lexical items. In an analysis of bilingual speech samples from 
interviews with immigrants, switches occurred more often in the 
neighbourhood of cognates (Broersma & De Bot, 2006). This pattern has been 
found for bilingual speakers of different language backgrounds (Broersma, 
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Isurin, Bultena, & De Bot, 2009) and for cognates of different grammatical 
categories, including those that are less cross-linguistically similar (Broersma, 
2009). The interpretation of lexical triggering is based on the reasoning that a 
cognate co-activates representations in two languages, because it is language 
ambiguous (see Tracy & Lattey, 2010), and so is able to pre-activate lexical 
candidates from the non-target language, which then facilitates switching to 
that language. Although recent studies also indicate cross-language activation 
for non-cognate items (see Dimitropoulou, Duñabeitia, & Carreiras, 2011), 
cognates in particular are a likely candidate for trigger effects, given that the 
amount of co-activation increases with more cross-linguistic overlap (see e.g., 
Duñabeitia, Perea, & Carreiras, 2010 for larger priming effects with cognates). 
Recent studies have looked at lexical triggering in an experimental setting. 
Kootstra, Van Hell, and Dijkstra (submitted) examined whether the presence 
of a cognate can enhance switching in bilingual speech. In a dialogue setting 
involving a confederate, a participant was asked to describe pictures. The 
pictures contained items that were manipulated for cognate status; a colour cue 
instructed whether one or two languages should be used to describe the picture 
for each trial. Switches were always in the L1 to L2 direction. When the 
confederate had switched in the previous trial, participants more often 
switched when describing a picture that depicted a cognate compared to when 
it depicted a non-cognate. This showed that cognates increase the likelihood of 
switching in relatively free language production (see Kootstra, Van Hell, & 
Dijkstra, 2012, for related results with syntactic priming).  
Apart from enhancing the frequency of switching, cognates might affect 
the magnitude of the processing cost associated with language switching, i.e., 
they could reduce the switch cost due to their co-activation. This is, for 
example, suggested by evidence from a cued naming task examining the 
influence of stimulus type on switch costs (Declerck, Koch, & Philipp, 2012). 
Switching between German and English items yielded smaller costs when the 
items concerned picture of cognates or when they were numbers (which 
included many cognates) compared to switching between non-cognate pictures. 
Declerck et al. argued that phonological co-activation associated with cognates 
reduced language switch costs. In the present study, we examined whether a 
modulation of switch costs would also occur when the switch was preceded by 
a cognate. If cognates can enhance the likelihood of switching, as indicated by 
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the evidence for triggering, then they might also influence the cost associated 
with that switch.  
 
The present study  
In our study, we investigated if and how switch costs are modulated by the 
presence of cognates prior to the switch. We looked at switches in sentence 
context preceded by cognates in a controlled experimental setting, using 
scripted output, which allowed us to examine a modulation of switch costs. We 
presented sentences in L1 and in L2 that contained a cognate or a non-cognate 
control verb and included a switch to the other language or not. English-Dutch 
verb pairs like ‘to start - starten’ and ‘to respect- respecteren’ are cognates by 
definition, given that they overlap in both meaning and form and for that 
reason may be identified as similar by bilinguals and linked in the mental 
lexicon (Carroll, 1992). However, the experimental approach so far has mainly 
focussed on noun cognate effects. Cognate effects for verbs have received far 
less attention in the literature, although some studies indicate facilitation for 
verb and noun cognates alike (Bultena, Dijkstra, & Van Hell, 2012; Van Hell & 
De Groot, 1998). In order to gain more insight in the processing of verb 
cognates, we manipulated the sentence main verb in the present study. This is a 
prime candidate for examining the interaction between words and sentence 
context, because it is relevant at the word level, and at the same time carries the 
sentence structure.  
In addition to the language, cognate status, and switch manipulations, we 
manipulated the syntactic structure of the sentences. Syntax is relevant both for 
our verb cognate manipulation and for the switching paradigm. Cross-language 
syntactic priming effects provide evidence that syntax is shared between 
languages for overlapping structures (Bernolet, Hartsuiker, & Pickering, 2007; 
Hartsuiker, Pickering, & Veltkamp, 2004; Loebell & Bock, 2003; Schoonbaert, 
Hartsuiker, & Pickering, 2007). They also indicate that cross-linguistic overlap 
in syntax, like overlap on a lexical level, may be beneficial to bilingual 
processing. The cross-language activation of overlapping syntactic structures 
affects language switching patterns, evidenced by the observation that a shared 
word order is preferred for language switching (Kootstra, Van Hell, & Dijkstra, 
2010; Poplack, 1980). Furthermore, it can also influence cross-linguistic lexical 
processing (Gullifer, Kroll, & Dussias, 2011). This is particularly interesting in 
case of the sentence main verb, because of its role in determining verb 
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argument structure. In other words, a sentence structure that overlaps between 
languages may make it easier to switch between languages and may increase co-
activation for overlapping lexical items. More co-activation for the verb may in 
turn influence to what extent the cognate verb modulates switch costs. We 
therefore also manipulated syntactic structure and presented sentences with a 
Subject-Verb-Object (SVO) structure that occurs both in English and Dutch, 
as well as a language-specific Adjunct-Verb-Subject-Object (XVSO) structure 
that is only possible in Dutch. By comparing two sentence structures, we tested 
for an effect of language-specific syntax on cross-linguistic activation of the 
verb cognate and switch costs.  
Because the triggering hypothesis was originally based on studies in the 
production domain and has been linked to an explanation in terms of 
phonology (Broersma, 2011; see also Declerck et al., 2012), we opted for a task 
that involves spoken language. The shadowing task (e.g., Marslen-Wilson, 1975; 
Marslen-Wilson, 1973, 1985; Marslen-Wilson & Welsh, 1978) was selected to 
test language switching in a controlled experimental setting that is reminiscent 
of speech. Shadowing involves the instantaneous reproduction of an incoming 
signal; participants are presented with an auditory recording of a word or 
sentence, which they are asked to repeat as quickly and as accurately as 
possible. It offers the possibility to measure the delay between word onset of 
the original recording and the participant’s reproduction of it, which reflects 
the time course of processing. The shadowing task has been shown to be 
sensitive to lexical effects, such as neighbourhood density (Ziegler, Muneaux, & 
Grainger, 2003), lexical frequency (Radeau & Morais, 1990), and word length 
(Marslen-Wilson, 1985), indicating that lexical access takes place during 
language processing in such a task. The task is also sensitive to proficiency, as 
Treisman (1965) found that bilinguals showed better performance in L1 than in 
L2. Furthermore, shadowing has been shown to involve parallel activation of 
two languages in bilinguals in spite of language-specific phonetic cues that can 
help in identifying the switch (Li, 1996). The original shadowing studies 
indicated substantial variability in shadowing performance: Close shadowers, 
who had an onset around 200 ms, were therefore analysed separately from 
distant shadowers (Marslen-Wilson, 1985). However, both close and distant 
shadowers showed full lexical processing. 
We hypothesized that we would find a language dominance effect in the 
processing of lexical items: Because the bilinguals tested in this study were 
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highly proficient L2 learners, who were L1 dominant, we expected that 
processing in their L2 would be more demanding than in L1. Furthermore, we 
predicted that switching would incur a cost, which should be reflected in 
processing time measured locally at word positions (WPs) in the sentence 
following the switch. In line with sentence comprehension studies, we expected 
that switching would be more costly in forward direction than in backward 
direction, because L2 is not as easily activated as the dominant L1. If lexical 
accessibility plays a role in switching (Clyne, 2003; Gollan & Ferreira, 2009), 
access to a switched constituent should be easier after having processed a 
lexical item that co-activates representations in two languages. We therefore 
hypothesized that the presence of a cognate should lead to a reduction in 
switch costs, provided that this co-activation is strong enough. Given that L1 
activation in L2 context is stronger than L2 activation in L1 context (e.g., 
Dijkstra & Van Hell, 2003), a facilitatory effect of cross-linguistic activation on 
switch costs was predicted to occur particularly in sentences starting in L2 
where the cognate effect is more prominent. Lastly, we examined whether we 
could find an effect of syntactic structure: If cognates have an influence on 
switch costs, the effect may be more likely to occur for cognates embedded in a 
sentence structure that is similar between two languages (SVO) than in a 
structure that is language-specific for Dutch (XVSO). Because both cognate 
facilitation and switch costs have previously been shown to be modulated by 
proficiency in the L2, we decided to consider L2 proficiency as a between-
subject variable.  
 
Method 
Participants  
Fifty Dutch-English bilinguals (40 females), all students from the Radboud 
University Nijmegen, between 18 and 41 years of age (M = 23, SD = 4) took 
part in the experiment. All participants were native speakers of Dutch and had 
learned English at school as an L2 starting around the age of 11. Their mean 
score on the English version of XLex vocabulary knowledge test (Meara, 2006) 
was 85.18% (SD = 9.14), indicating that they were highly proficient learners of 
English. Being university students, they all regularly used English text books; 
some of them were students of English or enrolled in another English 
programme. Several others also indicated to have friends with whom they 
communicated in English, or had spoken much English while studying abroad. 
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None of them reported any hearing problems. Participants were paid a small 
amount of money or received course credit for their participation. 
 
Stimulus materials  
Forty different sentences were created. All 40 sentences were declarative main 
clauses with the syntactic structure SVO (24 items) or XVSO (16 items). The 
SVO construction is possible both in English and Dutch; a VSO word order is 
required in Dutch when another constituent (labelled ‘X’), such as an adjunct 
of time or place, is added at sentence initial position. The experiment involved 
a 2 (English, Dutch) by 2 (cognate, non-cognate) by 2 (switch, nonswitch) 
factorial design, yielding eight possible versions for each of 24 SVO sentences. 
Dutch and English sentences were exact translations. Because English does not 
allow the XVSO construction, the language manipulation was discarded in this 
condition, yielding four different versions of each of 16 XVSO sentences, 
which could only contain an L1 to L2 switch. Each of the SVO and XVSO 
sentences was constructed in a similar way: The verb, presented in its infinitival 
form, was manipulated for cognate status and was directly followed by a 
language switch (see Table 1). Unlike previous sentence studies based on single 
word insertions in another language (e.g., Moreno et al., 2002), the sentences in 
the present study involved a full switch to the other language. Sixty filler 
sentences were added, which could start in Dutch or English, and had an SVO 
(80%) or XVSO (20%) construction. Half the filler sentences contained a 
switch, which could be located at different positions in the sentence (before the 
verb, at the verb, or at a prepositional phrase following the object). Unlike the 
target sentences, the filler sentences contained inflected past tense verbs (50%), 
or passive constructions (50%). 
For each cognate verb, a control verb was selected that fitted in the same 
sentence context as the cognate verb (see Appendix I). Cognates had been 
rated in terms of phonological overlap on a scale of 1 (no overlap) to 7 (perfect 
overlap) by 18 Dutch-English bilinguals; the mean rating for cognates in the 
SVO condition was 5.28 (SD = 0.90), and the mean rating for cognates in the 
XVSO condition was 5.06 (SD = 0.80). The mean ratings for non-cognates 
were 1.31 (SD = 0.25) in the SVO condition and 1.31 (SD = 0.39) in the 
XVSO condition. Ratings for cognates and non-cognates were significantly 
different for both sentence types (p’s < .001), while cognates across the two 
sentence types did not differ (t’s < 1). Orthographic overlap was measured in 
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terms of Levenshtein distance, which showed a similar pattern with a smaller 
distance between translation equivalents for cognates in the SVO (M = 3.42, 
SD = 1.06) and XVSO (M = 3.31, SD = .87) conditions, and substantially more 
character changes for controls in the SVO (M = 6.29, SD = 1.52) and XVSO 
(M = 6.56, SD = 1.71) sentences. Target verbs were matched both within 
languages (cognates vs. controls) and between languages (Dutch vs. English), 
with respect to word length in syllables (although Dutch verbs were always at 
least one syllable longer due to a fixed –en suffix), and frequency (Baayen, 
Piepenbrock, & Gullikers, 1995; note that items were matched on general 
lemma frequency rather than spoken frequency, as the latter is not available for 
Dutch in CELEX). Independent samples t-tests indicated that cognate and 
control verbs in both the Dutch and English conditions did not differ from 
each other with respect to word frequency and word length (all p’s > .10). A 
plausibility rating conducted after the experiment verified that cognates and 
non-cognates in both languages were considered to fit the sentence context 
equally well. A total of 32 Dutch-English bilinguals from the same participant 
pool were asked to rate the plausibility of either the cognate or the control 
word in the sentence context, such that each word received 16 ratings. A one-
way analysis of variance with four levels showed no difference between Dutch 
cognates (M = 5.28, SD = .64), Dutch controls (M = 4.98, SD = .67), English 
cognates (M = 4.93, SD = .59), and English controls (M = 4.86, SD = .83), 
F1(1,60) = 1.14, p = .339, F2 (3,124) < 1. 
All content words in the sentences other than the manipulated verbs were 
non-cognates; loan words were excluded too. Furthermore, noun translation 
equivalents in the Dutch and English sentences following the verb were 
matched across languages on word form frequency (all p’s > .10). All target 
verbs as well as nouns immediately following the verb started with a plosive or 
fricative (/, , , , , , , , , /) in both English and Dutch in order to 
avoid problems due to co-articulation and acoustic reduction, so that their 
word onsets could easily be distinguished in the acoustic signal.  
Conditions were counterbalanced across groups according to a Latin 
square design. Eight different lists were constructed, such that all combinations 
of cognate, switch, and language manipulations appeared equally often across 
the lists. Each experimental list contained one version of each sentence.  
For the recordings of the stimulus materials, a balanced Dutch-English 
bilingual male speaker read the Dutch and English sentences aloud at an easy 
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pace and in a well-articulated manner. All sentences were recorded multiple 
times in a soundproof studio with a Bruël&Kjaer 4006 Omnidirectional 
microphone, using a MOTU 828mk2 audio interface sampling monaurally with 
a 44.1 kHz frequency at 16 bit. The different versions of one sentence were 
recorded successively to ensure that pitch intonation patterns were as similar as 
possible. Native speakers of Dutch (N = 9) and English (N = 9) were asked to 
rate the accent of the speaker based on excised recordings of the Dutch and 
English cognate verbs on a scale of 1 (native, no foreign accent) to 10 (non-
native, clear foreign accent). Dutch natives rated the Dutch productions as 
native like (M = 2.00, SD = .71), and English natives likewise rated the English 
productions to be native like (M = 1.78, SD = .83). An independent t-test 
showed no differences between the ratings in the two languages (t < 1). 
After the recordings, all sentences were segmented and cross-spliced to 
form different versions of each sentence in accordance with our manipulations. 
For each sentence, eight SVO or four XVSO versions were created by splicing 
the initial part of a sentence (sentence onset up to the verb) with a verb and a 
continuation (from the verb to the sentence end). The silence between the 
offset of the constituent preceding the verb and the onset of the verb was kept 
constant at 160 ms for all sentences. Sentence parts were cut off at and 
concatenated at zero crossings (amplitude 0 dB) to eliminate click sounds at the 
splicing position, which ensured that the sentences did not have any acoustic 
characteristics that rendered them detectable as manipulated speech. Similarly, 
silences were cut off at the beginning and the end of the recording at zero 
crossings. Cross-spliced filler sentences were created by concatenating two 
different recordings of a filler sentence to avoid any audible differences 
between experimental and filler sentences. 
 
Table 1a. 
Example SVO Sentence in Which the Onsets of Measured Word Positions (WPs) Are 
Indicated; the Last WP Indicates the Offset of the Sentence Final Word. 
WP1   WP2  WP3   WP4 WP5 
det adj noun 
cognate / 
control verb 
det noun prep det noun . 
The disguised knights 
bring/  
carry 
the victim to the city wall . 
De vermomde ridders 
brengen / 
 dragen 
het slachtoffer naar de stadsmuur . 
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1b. 
Example XVSO Sentence in Which the Onsets of Measured Word Positions (WPs) Are 
Indicated; the Last WP Indicates the Offset of the Sentence Final Word. 
WP1 WP2  WP3  WP4   WP5 WP6 
X 
cognate / 
control verb 
det noun det noun prep det noun . 
Na hun fietstocht, 
drinken / 
schenken 
the boys the juice from the bottle . 
Na hun fietstocht, 
drinken / 
schenken 
de jongens het sap uit de fles . 
Note: Sentences of this type always started in Dutch. The Dutch sentence onset reads 
“After their bicycle ride [the boys] drink/pour”. 
 
Procedure  
All participants were tested individually on a Windows XP Intel ® Pentium ® 
4CPU computer. The experiment was run with Presentation software 
(Neurobehavioral Systems). Participants were seated in a sound proof booth 
fitted with a DM-5000 LN Stage line microphone and a computer screen on 
which instructions were given. Stimuli were presented to the participant 
binaurally over Sennheiser HD 280 headphones. Outside the booth, the 
researcher monitored participants’ performance and the recording volume over 
headphones. Audio recordings of the shadower’s output were made on a 
separate computer using Cool Edit Pro. 
Prior to testing, participants were instructed that they would hear 
sentences that could contain a language switch from English to Dutch or vice 
versa. Participants were asked to start shadowing as soon as the first syllables 
of the sentence had been uttered. The instructions stressed that correct 
repetition of the auditorily presented sentence was important and that 
participants should not talk in chunks. At the beginning of the experiment, 
participants completed a 20-trial practise block, half of which contained a 
language switch, to familiarise themselves with the procedure. Subsequently, 
the 100 items were presented in 5 blocks that were separated by pauses.  
Sentences were presented to the participant one by one, preceded by a 
high tone and a 1000 ms interval. Sentences were separated by a 5 s silence to 
allow shadowers to finish their sentence before the next one began. In between 
trials, participants were presented with an English (“Now repeat the next 
sentence”) or Dutch (“Herhaal nu de volgende zin”) fragment that cued the 
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starting language of the subsequent trial, so as to eliminate possible switch 
costs between trials. Participants were instructed not to shadow this cue. The 
order of presentation of trials was pseudorandomized, differently so for each 
participant. 
After completing the shadowing task, participants performed the Simon 
task (Simon & Rudell, 1967) and the Operation Span task (Turner & Engle, 
1989) to measure their cognitive control skills. Participants were also tested on 
an English proficiency task, XLex (Meara, 2006). A complete session lasted 
approximately 60 minutes. 
 
Results 
Prior to analyzing the data, shadowing performance was assessed. Data from 
four participants were removed from the dataset: One participant had to be 
discarded due to technical problems during recording, one participant failed to 
fully articulate words, and two participants had latencies that were more than 2 
z-scores above the participants’ means. For the remaining 46 participants, 
shadowing latencies and accuracy were analysed.  
In order to obtain shadowing latencies, participants’ recordings were 
compared to the original speaker recordings, which was possible because 
signals had been recorded as two different audio tracks. We measured the delay 
of the shadowers’ performance in comparison to the speaker’s signal at the 
different word positions (WPs) in the sentences identified in the acoustic signal 
(see Table 1). For each word position, participant latencies were determined 
relative to the shadower’s word onset by subtraction (e.g., Radeau & Morais, 
1990; see also Schmidgen, 2005); for example, in order to determine the latency 
of the shadower’s verb, the delay between the shadower’s verb onset and the 
speaker’s verb onset was measured. Prior to latency analyses, the onsets of the 
verb (WP2) and subsequent nouns (WP3, WP4; and for XVSO, WP5) were 
coded, as well as the sentence onset (WP1) and the offset of the sentence-final 
word (for SVO, WP5; for XVSO, WP6). Coding was done by the first author, 
based on auditory and visual inspection of the acoustic signal using PRAAT 
software (www.praat.org). About half of the dataset (22 participants) was also 
coded by a second coder. Inter-coder reliability turned out to be very high, 
evidenced by an average correlation of r = .98 over all data points (p <. 001).  
Accuracy was evaluated based on speech errors, omissions, and long 
pauses in sentence production. All sentences that were marked for one or more 
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of these accuracy measures were discarded from the RT analyses as a whole, 
because all latencies in a sentence were assumed to be interdependent. The 
SVO data yielded 13% incorrectly shadowed sentences over all, while the 
XVSO data generated 12% incorrectly shadowed sentences. Latencies above 
2000 ms were considered outliers and removed from the dataset before analysis 
(2% of the SVO dataset, and 1% of the XVSO data). 
SVO and XVSO data were treated separately. A 2x2x2 analysis of variance 
was performed on the response latencies and accuracy data with language 
(L1/L2), cognate status (yes/no), and language switch (yes/no) as within-
subject factors for the participant analyses (F1), and as between-subject factors 
in the item analyses (F2) for the SVO data. Furthermore, we added L2 
proficiency as a between-subject factor to all analyses. Participants were 
classified as either more or less proficient in L2 based on a median split of the 
XLex scores. More proficient English speakers (M = 4631, SD = 154) 
performed significantly better on the XLex task than the less proficient 
speakers (M = 3843, SD = 313), F(1,44) = 120.15, p < .001. There were no 
differences between the more and less proficient groups in terms of cognitive 
control as measured by the Operation Span and Simon tasks (F’s <1).  
The SVO sentences dataset contained five dependent variables for the RT 
data, which were latencies at different word positions in the sentence. Similar 
analyses, but without the factor language (as this was not manipulated) were 
performed on the XVSO data. For the latter sentence type, there were six 
dependent variables of response latency. We first tested for effects of language 
and switching, and then examined whether these effects were modulated by the 
presence of a cognate. Multivariate analyses (see Table 2) were conducted to 
test for effects of the language, cognate status and switching manipulations 
over word positions for which we had expectations about a certain effect, as 
well as interactions among those and interactions with the between-subject 
factor L2 proficiency. Based on significant effects in the multivariate tests, 
univariate ANOVAs for separate word positions were conducted using 
Bonferroni adjusted alpha levels per comparison (corrected p =.05/number of 
tests). Accuracy of shadowing performance, based on error free sentence 
completions, was analysed for both types of sentence structure using univariate 
analyses. Outcomes for the analyses are reported in the text below; univariate 
statistics are presented in Tables 3 and 4. 
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SVO sentences 
L2 proficiency 
Multivariate analyses showed a main effect of the between-subject variable 
proficiency. Further univariate analyses over all word positions indicated that 
this effect was only significant at speech onset, with shorter latencies for more 
proficient speakers (M = 727, SE = 45) compared to less proficient speakers 
(M = 885, SE = 46) at WP1. The L2 proficiency factor did not show any 
significant interactions with the other manipulated factors in the latency data. A 
main effect of L2 proficiency was observed only in the item analysis over the 
accuracy data, with better performance for the more proficient speakers (M = 
88%, SE = 1) compared to the less proficient speakers (M = 86%, SE = 2). 
 
Language effects 
A language effect was expected to occur in the first two word positions (WP1 
and WP2), before the occurrence of the switch. Following a significant main 
effect of language in the multivariate analyses (see Table 2), univariate analyses 
revealed a significant effect of language only at WP2, indicating that sentences 
starting in L2 (M = 824, SE = 35) were shadowed slower than sentences 
starting in L1 (M = 764, SE = 34). There was no significant difference between 
shadowing in L1 and L2 at sentence onset at WP1 (see Figure 1 and Table 3). 
The language effect was paralleled by the accuracy data, which showed better 
performance for sentences starting in L1 (M = 90%, SE = 1) compared to 
those starting in L2 (M = 84%, SE = 2; see Table 4). The effect of language did 
not interact with proficiency in either the latency or the accuracy data. 
 
Switch effects 
An effect of language switching was observed in analyses over the last three 
word positions from the onset of the switch (WP3) until the sentence end 
(WP5; see Table 2). Shadowing latencies at WP3 showed slower processing for 
sentences containing a switch (M = 892, SE = 34) than those without a switch 
(M = 823, SE = 33). WP4 similarly showed significantly longer latencies for 
switched constituents (M = 919, SE = 34) compared to constituents that 
continued in the same language (M = 874, SE = 33). A significant difference 
between sentences containing a switch (M = 969, SE = 37) and those without a 
switch (M = 927, SE = 35) was also present at WP5 (see Table 3).  
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Furthermore, analyses yielded an interaction between language and 
switching after the first switched word, at WP4 and WP5. Follow-up analyses 
on WP4 and WP5 indicated that a significant effect of switching was present 
only for sentences starting in L1. Shadowing latencies revealed a cost for 
switches to L2 (M = 910, SE = 34) compared to non-switches (M = 819, SE = 
33) at WP4. A similar significant difference was observed between switches in 
the L1 to L2 direction (M = 961, SE = 36) and non-switches (M = 869, SE = 
36) at WP5. For the sentences starting in L2, there was no significant difference 
in latencies between switches to L1 (M = 928, SE = 37) and non-switches (M 
= 928, SE = 37) at WP4 and for latencies of switches (M = 977, SE = 40) and 
non-switches (M = 985, SE = 38) at WP5 (see Figure 1 and Table 3). Note that 
the present analysis reflects a comparison based on a similar sentence onset 
(i.e., the word positions in the switch and non-switch conditions follow a 
sentence onset that overlapped between the conditions). Based on the four 
conditions shown in Figure 1, an alternative comparison can be made too. A 
comparison based on the same response language following the switch (i.e., 
shadowing in L1 in the non-switch condition compared to shadowing in L1 
following a switch from L2 to L1) yields larger costs in L1 (difference WP3: 
146 ms, WP4: 114 ms, and WP5: 115 ms) compared to L2 (difference WP3: -
5ms, WP4: -17 ms, WP5: -23 ms). Analyses for the L1 comparison showed 
significant switch costs for WP3, WP4, and WP5, whereas the L2 comparison 
showed no effect of switch cost (see Tables 2 and 3). Similar to the other 
switch cost calculation, there were interaction effects with L2 proficiency. 
The accuracy data yielded a marginally significant effect of switching in 
the participant analysis (see Table 4), which indicated better performance on 
sentences without a switch (M = 90%, SE = 2) than on sentences containing a 
switch (M = 86%, SE = 2). This effect was not significant in the item analysis. 
There was no language by switching interaction in the accuracy data (see Table 
2). The switch effects in the latency and accuracy data were also not modulated 
by proficiency. 
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Figure 1. Mean Latencies of Switched and Non-Switched SVO Sentences in L1 
and L2 (+SE); Switches Occurred at WP3. 
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Figure 2. Mean Latencies of Switched and Non-Switched Sentences Containing 
a Cognate or Control Verb (+SE); WP2 Was Manipulated for Cognate Status 
and Switches Occurred at WP3. Panel A Displays XVSO Sentences Starting in 
L1; Panel B Reflects SVO Sentences Starting in L1, and Panel C Shows SVO 
Sentences Starting in L2. 
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Cognate effects 
Shadowing latencies showed no cognate effect at the word position 
manipulated for cognate status: Mean latencies at WP2 were not different for 
cognates (M = 793, SE = 34) and non-cognates (M = 796, SE = 35) and there 
was no interaction with language (see Table 2). The accuracy data showed an 
interaction between cognate status and proficiency, which was only significant 
in the analysis over items. Follow-up analyses showed that the cognate effect 
was neither significant for the more proficient nor for the less proficient L2 
speakers. No other effects of the presence of a cognate were observed in the 
accuracy data (see Table 4). Neither the latency, nor the accuracy data showed 
an interaction between cognate status and proficiency or language.  
We also examined effects of cognate status on shadowing latencies on 
word positions from the cognate (WP2) onwards till the end of the sentence 
(WP5). Multivariate tests for the shadowing latencies showed a three-way 
interaction between cognate, language, and switch in the analysis over 
participants (see Table 2). The four-way interaction including the proficiency 
factor was not significant. Univariate tests indicated that the three-way 
interaction was significant in the participant analysis for WP2. After applying 
the Bonferroni correction, this interaction was no longer significant in the item 
analysis. The three way interaction was not significant at later positions in the 
sentence. Follow-up analyses on WP2 indicated that the cognate by switching 
interaction was significant for the sentences that started in L1 in the analysis 
over participants, and marginally significant in the analysis over items. The two 
way interaction was not significant for sentences that had started in L2. The 
cognate by switch interaction in the L1 sentences was further analysed by 
looking at switch costs for sentences that contained a cognate verb and those 
that contained non-cognate verb. These analyses showed L1 sentences 
containing a cognate yielded a switch cost (47 ms), while L1 sentences with a 
non-cognate showed a non-significant effect in the other direction (-40 ms; see 
Figure 2a).  
Concerning the switch cost following L1 cognates (in comparison to non-
cognates), it must be noted that a difference in that direction was already 
present from the start (see Figure 2a). T-tests on WP1 in the L1-L2 condition 
confirmed that the difference between cognate and non-cognate sentences in 
the switch condition was present at sentence onset [t (45) = 2.57, p < .05]. An 
additional analysis showed that once speech latencies were corrected for 
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differences at WP1, by subtracting the value of WP1 from all other latencies, 
the cognate modulation disappeared. Corrected values showed no difference 
between cognate and non-cognate conditions for either switch and non-switch 
sentences, while the effect of language switching remained. This implies that 
the interaction effect found at WP2 is probably a carryover effect from the 
difference at WP1. The three-way interaction was not present in the accuracy 
data, nor was the four-way interaction (see Table 4).  
 
XVSO sentences 
Proficiency effects 
Multivariate analyses indicated a significant main effect of the between-subject 
variable L2 proficiency. Univariate analyses over all word positions showed this 
effect to be significant only at speech onset, with shorter latencies at WP1 for 
more proficient speakers (M = 726, SE = 42) than less proficient speakers (M 
= 852, SE = 44). There was no effect of proficiency on the accuracy data. 
 
Switch effects 
Switch costs were predicted for WP3 to WP6. The latency analyses first 
indicated an effect of language switching at WP4, the second word after the 
switch onset (see Figure 2c), with longer latencies for switches (M = 869, SE = 
29) compared to non-switches (M = 810, SE = 33). A similar difference 
between switches (M = 921, SE = 31) and non-switches (M = 848, SE = 38) 
was present at WP5, and WP6 likewise showed a difference between switches 
(M = 990, SE = 33) and non-switches (M = 868, SE = 41; see Table 3). A 
numeric switch effect was also present in the accuracy data, with better 
performance on the non-switch sentences (M = 90%, SE = 2) than the switch 
sentences (M = 86%, SE = 2), but this was not significant (see Table 4). The 
switch effect showed an interaction with proficiency that was marginally 
significant in the multivariate participant analysis over latencies. Subsequent 
univariate analyses, however, did not show significant interaction effects at any 
of the word positions. There was also no significant interaction effect in the 
accuracy data.  
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Cognate effects 
Shadowing latencies showed no effects of cognate status in the data at any 
position in the sentence in the multivariate analyses, neither as a main effect 
nor in interaction with language switching (see Table 2). There were also no 
effects of cognate status in the accuracy data (see Table 4).  
  
Table 2.  
Multivariate Tests on Shadowing Latencies 
   F1    F2      
 Effect  measure Df F p η2p Df F p η2p significance 
SVO sentences 
 Proficiency (Between-subject) WP1-5 5,37 3.07 .021 .29 5,357 35.78 .000 .33 ** 
 Language WP1-2 2,40 16.23 .000 .45 2,372 6.66 .001 .04 ** 
 Proficiency x Language  WP 1-2 2,40 < 1   2,372 < 1   NS 
 Cognate WP2 1,41 < 1   1,369 < 1   NS 
 Language x Cognate  WP2 1,41 < 1   1,369 1.12 .291 .00 NS 
 Proficiency x Cognate  WP2 1,41 2.54 .118 .06 1,369 < 1   NS 
 Language x Cognate x Proficiency WP2 1,41 2.20 .146 .05 1,369 < 1   NS 
 Switch WP3-5 3,39 9.13 .000 .42 3,367 4.70 .003 .04 ** 
 Language x Switch  WP3-5 3,39 10.56 .000 .45 3,367 6.58 .000 .05 ** 
 Proficiency x Switch  WP3-5 3,39 1.10 .375 .08 3,367 < 1   NS 
 Language x Switch x Proficiency WP3-5 3,39 < 1   3,367 < 1   NS 
 Cognate x Switch WP2-5 4,38 < 1   4,358 < 1   NS 
 Cognate x Switch x Proficiency WP2-5 4,38 < 1   4,358 < 1   NS 
 Language x Cognate x Switch WP2-5 4,38 2.77 .041 .23 4,358 1.29 .276 .01 * 
 Language x Cognate x Switch x Proficiency WP2-5 4,38 2.29 .077 .19 4,358 < 1   NS 
Alternative switch calculation 
 Switch (L1) WP3-5 3,41 21.04 .000 .61 3,178 8.08 .000 .12 ** 
 Switch x Proficiency WP3-5 3,41 < 1   3,178 1.60 .192 .03 NS 
 Switch (L2) WP3-5 3,40 < 1   3,179 < 1   NS 
 Switch x Proficiency WP3-5 3,40 < 1   3,179 < 1   NS 
   
XVSO sentences 
 Proficiency (between-subject) WP1-6 6,39 2.35 .049 .27 6,115 12.32 .000 .99 ** 
 Cognate WP2 1,44 < 1   1,124 < 1   NS 
 Cognate x Proficiency WP2 1,44 1.93 .172 .04 1,124 < 1   NS 
 Switch WP3-6 4,41 32.54 .000 .76 4,121 12.33 .000 .29 ** 
 Switch x Proficiency WP3-6 4,41 2.51 .056 .20 4,121 < 1   * 
 Cognate x Switch WP2-6 5,40 1.06 .400 .12 5,116 < 1   NS 
 Cognate x Switch x Proficiency WP2-6 5,40 1.22 .318 .13 5,116 < 1   NS 
Note: ** indicates significance in both F1 and F2, * indicates trends towards significance, NS stands for ‘not significant’.  
 
  
  
Table 3.  
Univariate tests on Shadowing Latencies  
 Effect  measure F1     F2       
   Df MSE F p η2p Df MSE F p η
2
p corr. p sign. 
SVO sentences 
 Proficiency WP1 1,41 356747.54 6.00 .019 .13 1,361 36144.53 126.29 .000 .26 .010 * 
  WP2 1,41  < 1   1,361 43049.04 29.38 .000 .08 .010 * 
  WP3 1,41  < 1   1,361 45469.30 6.70 .010 .02 .010 * 
  WP4 1,41  < 1   1,361 51027.83 < 1   .010 NS 
  WP5 1,41  < 1   1,361 55469.08 < 1   .010 NS 
 Language WP1 1,41 15681.55 1.13 .293 .03 1,373  < 1   .025 NS 
  WP2 1,41 17895.00 17.37 .000 .30 1,373 42655.41 6.39 .012 .02 .025 ** 
 Switch WP3 1,41 15825.79 25.83 .000 .39 1,369 45121.65 12.99 .000 .03 .017 ** 
  WP4 1,41 16337.37 10.88 .002 .21 1,369 50333.79 8.21 .004 .02 .017 ** 
  WP5 1,41 16285.23 9.53 .004 .19 1,369 54895.51 6.53 .011 .02 .017 ** 
 Language x Switch WP3 1,41  < 1   1,369  < 1   .017 NS 
  WP4 1,41 18923.13 9.55 .004 .19 1,369 50333.79 2.18 .141 .01 .017 * 
  WP5 1,41 19457.76 11.15 .002 .21 1,369 54895.51 2.97 .086 .01 .017 * 
 Language x Cognate x Switch WP2 1,41 10113.31 9.05 .004 .18 1,361 43049.04 4.20 .041 .02 .013 * 
  WP3 1,41 12693.12 3.78 .059 .08 1,361 45469.30 2.23 .136 .01 .013 NS 
  WP4 1,41 18823.00 1.23 .274 .03 1,361 51027.83 1.44 .230 .00 .013 NS 
  WP5 1,41 16732.66 2.23 .143 .05 1,361 55469.08 1.69 .195 .01 .013 NS 
 
Language x Cognate x  
Switch x Proficiency 
WP2 1,41  < 1   1,361  < 1   .013 NS 
 WP3 1,41  < 1   1,361  < 1   .013 NS 
 WP4 1,41  < 1   1,361  < 1   .013 NS 
   
 WP5 1,41 16732.66 1.30 .260 .03 1,361  < 1   .013 NS 
Alternative switch cost calculation 
 Switch (to L1) WP3 1,43 14928.23 64.26 .000 .60 1,180 46351.88 21.98 .000 .11 .017 ** 
  WP4 1,43 12765.76 45.48 .000 .51 1,180 51700.22 15.09 .000 .08 .017 ** 
  WP5 1,43 13271.41 44.76 .000 .51 1,180 58013.59 11.86 .000 .06 .017 ** 
 
  
SVO Follow-up analyses to examine interaction effects 
 Effect  measure F1     F2       
   Df MSE F p η2p Df MSE F p η
2
p corr. p sign. 
 L2: Switch WP4 1,44  < 1   1,183  < 1   .025 NS 
  WP5 1,44  < 1   1,183  < 1   .025 NS 
 L1: Switch WP4 1,44 13390.98 31.53 .000 .42 1,186 42418.20 11.28 .001 .06 .025 ** 
  WP5 1,44 13600.31 32.49 .000 .43 1,186 45627.98 11.10 .001 .06 .025 ** 
 L2: Cognate x Switch WP2 1,41 9747.24 2.16 .150 .05 1,179 46064.83 1.21 .272 .01 .050 NS 
 L1: Cognate x Switch WP2 1,44 15966.89 7.55 .009 .15 1,182 40082.97 3.34 .069 .02 .050 * 
 L1 Cognates: Switch WP2 1,44 8821.58 7.36 .009 .14 1,91 35413.06 3.29 .073 .04 .050 ** 
 L1 Non-cognates: Switch WP2 1,44 14288.37 2.57 .116 .06 1,91  < 1   .050 NS 
  
Note: L1 and L2 indicate the language spoken at the start of the sentence. ** indicates significance in both F1 and F2, * indicates trends 
towards significance, NS stands for ‘not significant’. Significance is determined by Bonferroni corrections (0.05/number of tests) given in the 
column corrected p.  
XVSO sentences 
 Proficiency WP1 1,44 170849.86 4.28 .045 .09 1,124 14052.37 39.15 .000 .24 .008 * 
  WP2 1,44  < 1   1,124 14175.07 6.73 .011 .05 .008 NS 
  WP3 1,44  < 1   1,124  < 1   .008 NS 
  WP4 1,44  < 1   1,124 18878.54 1.44 .233 .01 .008 NS 
  WP5 1,44 202116.82 1.60 .213 .04 1,124 19768.65 6.26 .014 .05 .008 NS 
  WP6 1,44 235429.98 1.76 .192 .04 1,124 25084.36 8.30 .005 .06 .008 * 
 Switch WP3 1,44  < 1   1,124  < 1   .013 NS 
  WP4 1,44 11785.77 13.54 .001 .24 1,124 18878.54 9.18 .003 .07 .013 ** 
  WP5 1,44 19066.87 12.87 .001 .23 1,124 19768.65 11.53 .000 .09 .013 ** 
  WP6 1,44 19746.60 34.57 .000 .44 1,124 25084.36 25.57 .000 .17 .013 ** 
 Switch x Proficiency WP3 1,44 9009.56 2.99 .091 .06 1,124  < 1     
  WP4 1,44 11785.77 1.07 .306 .02 1,124  < 1     
  WP5 1,44 19066.87 1.55 .220 .03 1,124  < 1     
  WP6 1,44 19746.60 3.24 .079 .07 1,124  < 1     
   
Table 4.  
Univariate Tests on Accuracy 
 Effect  Dataset F1     F2      
   Df MSE F p η2p Df MSE F p η
2
p significance 
SVO 
 Proficiency ACC 1,44 422.24 1.36 .250 .03 1,361 270.57 5.15 .024 .01 * 
 Language ACC 1,44 434.03 8.81 .005 .17 1,361 270.57 6.60 .011 .02 ** 
 Language x Proficiency ACC 1,44  < 1   1,361 270.57 2.44 .119 .00 NS 
 Cognate ACC 1,44  < 1   1,361  < 1   NS 
 Language x Cognate ACC 1,44  < 1   1,361  < 1   NS 
 Proficiency x Cognate  ACC 1,44  < 1   1,361 270.57 4.05 .045 .01 * 
 Language x Cognate x Proficiency ACC 1,44 460.57 1.15 .290 .03 1,361  < 1   NS 
 Switch ACC 1,44 426.87 3.91 .054 .08 1,361 270.57 1.24 .267 .00 * 
 Cognate x Switch  ACC 1,44  < 1   1,361  < 1   NS 
 Switch x Cognate x Proficiency ACC 1,44  < 1   1,361  < 1   NS 
 Switch x Proficiency ACC 1,44  < 1   1,361  < 1   NS 
 Language x Switch  ACC 1,44 434.50 1.83 .183 .04 1,361  < 1   NS 
 Language x Switch x Proficiency ACC 1,44  < 1   1,361  < 1   NS 
 Language x Cognate x Switch  ACC 1,44  < 1   1,361  < 1   NS 
 Language x Cognate x Switch x Proficiency ACC 1,44 307.11 1.07 .306 .02 1,361  <1   NS 
SVO Follow-up analyses to examine interaction effects 
 More proficient: Switch ACC 1,23  < 1   1,185 217.63 1.42 .234 .01 NS 
 Less proficient: Switch ACC 1,21  < 1   1,188 324.96 2.71 .102 .01 NS 
  
  
XVSO 
 Proficiency ACC 1,44  < 1   1,120  < 1   NS 
 Cognate ACC 1,44  < 1   1,120  < 1   NS 
 Cognate x Proficiency ACC 1,44  < 1   1,120     NS 
 Switch ACC 1,44 319.29 2.31 .136 .05 1,120 217.45 1.48 .226 .01 NS 
 Switch x Proficiency ACC 1,44  <1   1,120  < 1   NS 
 Cognate X Switch ACC 1,44  < 1   1,120  < 1   NS 
 Cognate x Switch x Proficiency ACC 1,44  < 1   1,120  < 1   NS 
Note: ** indicates significance in both F1 and F2, * indicates trends towards significance, NS stands for ‘not significant’. 
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Discussion 
Using a shadowing task, we examined whether verb cognates influence 
processing of subsequent language switches in sentence context, and if these 
effects are influenced by switching direction and cross-linguistic overlap in 
syntactic structure. We hypothesized that, because a cognate activates 
representations in two languages, a subsequent switch to the co-activated 
language should be facilitated compared to a language switch preceded by a 
non-cognate control. The speech latencies of language non-specific SVO 
sentences showed a cost in both switching directions, albeit different in 
magnitude; switches from L1 to L2 were more costly than those from L2 to L1. 
Accuracy data also indicated a switch cost, which was similar in both switching 
directions. There were no effects of the presence of a verb cognate in L1 and 
L2 sentences, irrespective of the presence of a language switch in the sentence. 
The latencies for SVO sentences showed an effect of language: Shadowing in 
L2 was slower and more often subject to errors than shadowing in L1, 
suggesting that lexical processing in L2 is more taxing than in L1. The 
difference between non-switched L1 and L2 sentences numerically increased in 
the course of the sentence, which could suggest that the language effect is in 
part due to integrative processes that are also more demanding in L2. Similar to 
the SVO sentences, language-specific XSVO sentences showed a cost for 
switches in L1 to L2 direction, which was not modulated by the presence of a 
cognate. Hence, switch cost were not shown to be affected by the syntactic 
structure of the sentence. Finally, overall, the shadowers’ L2 proficiency 
affected the latencies at speech onset, but did not influence the processing of 
cognates and switches. 
 
Asymmetric switch costs depending on language dominance  
Corresponding to previous findings on languages switching in sentence context 
(Proverbio et al., 2004), the latencies in our study revealed asymmetric switch 
costs associated with language switching for SVO sentences. Switch costs from 
L2 to L1 in the overlapping syntactic construction were short-lived, only 
showing an effect at the first switched word position; in the remainder of the 
sentence, shadowing latencies were just as fast as sentences that had continued 
in L2. In contrast, L1 to L2 switches for language non-specific as well as 
language specific syntactic structures showed a long-lasting slowing of 
responses, which persisted throughout the sentence. It is not clear why the 
Switch cost modulations | 171 
 
onset of the switch cost occurred only after the first switched word position for 
XVSO sentences.  
The asymmetry seemed to indicate an effect of language dominance, given 
that costs of switching to the non-dominant L2 were bigger than costs for 
switches to the dominant L1. This is consistent with the finding of a language 
dominance effect indicated by latencies at WP2 in the SVO sentences. When 
participants shadowed lexical items in their first language, they were 
consistently faster than when they shadowed items in their second language 
(see also Treisman, 1965). The language effect and the continued slow-down in 
latencies for L1 to L2 switches after the initial switch both showed that 
processing in L1 was easier than processing in L2 for these unbalanced 
bilinguals. Similar results were recently obtained in a self-paced reading study 
based on sentence materials that largely overlapped with the present study 
(Chapter 4 of this thesis; see also Van Hell & Witteman, 2009). 
An alternative approach to calculating switch costs based on the response 
language (see Figure 1) showed that switching to L1 yielded a cost compared to 
continuing in L1, whereas switching to L2 did not differ from continuing in L2. 
Note that this way of calculating switch costs in similar to the approach used in 
picture naming, where switch trials are compared to non-switch trials in the 
same language (e.g., Meuter & Allport, 1999). These alternative analyses are in 
contrast to the findings reported above, but need not give the best reflection of 
the effect that language switching has in sentences, because of differences in 
baselines prior to the switch. Given that subsequent latencies are 
interdependent, a non-overlapping sentence structure can give a distorted 
picture of the data. This means that the L1 switch cost is much larger because 
non-switch sentences in L1 are shadowed much faster from the beginning, and 
the L2 switch cost disappears because non-switch sentences in L2 are more 
slower at the beginning of the sentence (even slower than the switch 
condition). We therefore think that the analysis based on comparable sentence 
onsets is a more appropriate approach to sentence data.  
 
Cognates affecting switch costs  
The shadowing latencies indicated no effect of the presence of a cognate on 
processing of language switches in sentences, neither in L1 nor L2. L1 cognates 
in language non-specific sentences in the present study even co-occurred with 
larger switch costs than in the non-cognate condition. Yet, the difference in 
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latencies prior to the occurrence of the cognate can explain the effect found at 
later positions. This renders the modulating effect in the L1 to L2 sentences 
likely to be spurious. What caused the difference at sentence onset is unclear. 
Because the participants generally started shadowing before the speaker 
pronounced the verb, it seems unlikely that the presence of a cognate in a 
sentence influenced their speech onset time (i.e., their latency at WP1).The 
absence of a cognate effect in L1 can be related to a growing body of evidence 
showing that cognate effects in L1 processing are generally much smaller than 
in L2 processing (see Brenders, Van Hell, & Dijkstra, 2011; Christoffels et al., 
2007; Costa et al., 2000; Poarch & Van Hell, 2012; Van Assche, Duyck, 
Hartsuiker, & Diependaele, 2009; Van Hell & Dijkstra, 2002). The cognate 
effects in L1 may simply not be strong enough to affect switch costs. There 
were no differences regarding the cognate effect for sentences with overlapping 
syntactic structures and non-overlapping structures, indicating that a shared 
word order did not influence cross-linguistic activation in the present study 
(but see Gullifer, Kroll, and Dussias, 2011 for different findings). 
The lack of a cognate effect in L2 processing is more puzzling. Cognate 
facilitation is generally observed in L2 comprehension (see Dijkstra, 2005), as 
well as L2 production (e.g., Costa, Caramazza, & Sebastián-Gallés, 2000), to 
which the present results are better comparable. The present analyses, however, 
showed no sign of cognate effect. Yet, when we replaced the between-subject 
factor L2 proficiency based on the offline XLex measure by another measure 
of L2 proficiency, the pattern of results changes. As in the original studies by 
Marslen-Wilson (e.g., 1985), a difference can be made between based in the 
onset of shadowing, distinguishing faster and slower shadowers (similar to the 
close and distant shadowers in the Marslen-Wilson study). The speech onset of 
each participant was shown to be related to the XLex scores: as indicated by 
the proficiency effect on WP1 reported in the Results section. The speech 
onset measure of proficiency is an online measure directly related to shadowing 
performance, which determines task performance on the task. Shadowers with 
a later speech onset heard more of the sentence before they started speaking. 
This suggests that they engage in more lexical processing before speaking. 
Faster shadowers did not allow themselves to fully process the contents of the 
sentence before they started shadowing. The slower shadowers may therefore 
have been able to process the sentences at a deeper level than the faster 
shadowers, while faster shadowers are likely to have engaged in shallower 
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processing, which enabled them to start faster. Analyses based on this between 
subject variable show a 4 way interaction between proficiency, language, 
cognate and switch at WP3, the switch location. Follow up analyses show 
significant cognate by switch interactions in L1 and L2 for slower shadowers, 
but not for faster shadowers. The interactions for the data of the slower 
shadowers indicate a numerically smaller switch cost following a cognate in L2 
compared to the non-cognate condition, and an opposite effect for cognates in 
L1 with a larger cost for switches following a cognate compared to a non-
cognate. Although these data do not show strong patterns, they do suggest that 
there might be a small effect of a cognate on the processing of language 
switches for shadowers that engaged in more lexical processing (see Appendix 
II for results). In line with the analyses reported in the Results section however, 
we have to conclude that there are no clear cognate effects in the data.   
To some extent, the lack of a cognate effect seems to be in line with 
findings reported by Ibáñez, Macizo, and Bajo (2010), who showed that co-
activation and language switch costs did not occur simultaneously in visual 
comprehension of sentences. In their study, the lack of a cognate effect can be 
attributed to the influence of the language control necessary to perform the 
task. Due to the occurrence of a language switch, participants could have 
inhibited the non-target language to such an extent that co-activation no longer 
emerged. Similarly, in our task it could be argued that shadowing of sentences 
containing language switches was highly demanding and requires precise 
language control. This could have had an influence on the amount of cross-
linguistic effects. However, the non-switch sentences suggest that the lack of a 
cognate effect could also be interpreted otherwise. The null effect in non-
switch sentences suggests that verb cognates may not have been strong enough 
to show any cognate facilitation, and hence did not affect processing of 
switches. This interpretation is supported by findings of lexical triggering for 
noun cognates.  
A recent study examining noun cognates in bilingual sentence reading 
suggests that co-activated cognates in an L2 context can prepare the language 
user for an upcoming language switch. Witteman (described in Van Hell & 
Witteman, 2009) investigated whether noun cognates in self-paced reading 
influenced the processing of a switched noun item later on in the sentence. 
Reading times of Dutch-English bilinguals showed L1 insertions in L2 
sentences (L2 to L1 switches) were processed faster when they had been 
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preceded by a cognate. No such effect was found in L1 sentences containing an 
L2 switch (L1 to L2 switches). Noun cognates between Dutch and English, as 
used in Witteman’s study, are generally more similar between languages in 
terms of orthography than Dutch-English verb cognates that were used in the 
present study, which can account for the difference in effects (see Duyck et al., 
2007). Furthermore, relative to visual processing, the auditory context as well as 
the produced speech in our study could be argued to be more language-
specific, which may also explain the absence of cognate effects. 
 
The origin of language switch costs 
So far, we have seen that switch cost depend on the switching direction, which 
can be related to relative language proficiency, but are not reduced by the 
presence of a verb cognates. What does this tell us about the locus of language 
switch costs? In order to unravel the source of switch costs, it is important to 
consider the task and processing involved with it. The larger switch costs in the 
L1 to L2 direction we observed in the present sentence paradigm differ from 
the larger switch costs observed in the L2 to L1 direction in studies involving 
picture or number naming (e.g., Costa & Santesteban, 2004; Meuter & Allport, 
1999). Therefore, an explanation for switch costs in terms of the inhibitory 
control mechanism, which is predominantly associated with cued naming, does 
not seem to apply to the shadowing data. Although shadowing involves 
speaking, the processing involved is different from that in naming and other 
forms of language production. Whereas picture naming indisputably requires 
lexical selection to the full, involving a top-down process starting from a 
concept all the way to the articulatory output (see also Chauncey et al., 2008), 
shadowing may by-pass some of the stages of the production process. Given 
that a shadowing response could be considered to reflect lexical retrieval based 
on a mere repetition of the input signal, the stage of lexical selection on the 
basis of a concept does not seem necessary (see also Christoffels & De Groot, 
2004 on the amount of semantic processing involved in shadowing). This 
implies that inhibition, assumed to be present during lexical selection, may not 
be required either. Needless to say, the combination of recognition and 
production in shadowing makes the processing of both component difficult to 
disentangle, but it may be fair to say that the stages involved are different from 
naming tasks. 
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Another difference between picture naming and shadowing pertains to the 
language-specificity of the codes: The pictures in naming tasks contain an 
abstract cue that is not explicitly language-specific, whereas the acoustic signal 
in the shadowing task is language-specific in terms of its phonetics. The 
opposite asymmetry in shadowing can thus be explained by processing aspects 
that distinguish shadowing from naming, including the absence of having to 
choose amongst candidates of different languages and the available explicit 
language information. This results in activation that is to a large extent driven 
by the incoming stimulus. Therefore, switching to the weaker L2, of which the 
lexical form and phonetic codes are less often used, is more difficult than 
switching to the more frequently activated L1. This pattern corresponds to 
other studies examining switches embedded in meaningful sentences (see Van 
Hell & Witteman, 2009). These have previously been shown to generate larger 
switch costs in the L1 to L2 direction, due to differences in activation levels of 
lexical items in both languages (see Chapter 4 of this thesis). 
Although cognates provide no evidence for a lexical origin of switch costs, 
the finding that the switch cost asymmetry reflects language effect does point 
in that direction. Lexical activation is easier in L1 than in L2, which can explain 
why switch costs are smaller in the L2-L1 direction. The present data therefore 
could suggest that switch costs originate, at least to some extent, from the 
lexicon (see Della Rosa, 2011; Van also Der Meij et al., 2011). Further evidence 
that costs are language-specific pertains to aspects of articulation that play a 
role during language production in a bilingual sentence task. Aside from 
switching between lexical subsets, speakers also need to switch in terms of 
articulation. Therefore, the cost associated with language switching in language 
production need not stem from the word level alone. Switch costs in speech 
could in part be due to changing of language-specific phonetics and phonology 
in order to make an articulatory switch (see Philipp & Koch, 2011).  
All in all, the shadowing latencies presented here provide no clear 
evidence that switch costs in sentences can be modulated at the word form 
level by the inclusion of verb cognates. The present results do indicate that for 
unbalanced bilinguals, switch costs in sentence context are dependent on 
language proficiency and may therefore originate in part from the lexical level.  
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APPENDIX I 
SVO sentences  
(Sentence a is a direct translation of sentence b) 
1 a De boze onderzoekers BELOVEN / PUBLICEREN een herziening van hun 
stuk. 
 b The angry scientists PROMISE / PUBLISH a revision of their piece. 
2 a De ervaren schilders TEKENEN / SCHETSEN de bloemen van een afstand. 
 b The skilled painters DRAW / SKETCH the flowers from a distance. 
3 a De eenzame jongens DELEN / BOEKEN een kamer tijdens hun vakantie. 
 b The lonely boys SHARE / BOOK a room during their holidays. 
4 a De gespierde bewakers VERNIELEN / TESTEN de bankjes buiten het 
gebouw. 
 b The muscular guards DESTROY / TEST the benches outside the building. 
5 a De kleine meisjes PASSEN / CREËREN een jurk van zwarte stof. 
 b The small girls FIT / CREATE the dress made of black fabric. 
6 a De slimme verkopers BESCHADIGEN / PARKEREN de auto op het plein. 
 b The clever salesmen DAMAGE / PARK the car on the square. 
7 a De bezorgde ouders TROOSTEN / KALMEREN de peuter na de botsing. 
 b The concerned parents COMFORT / CALM the toddler after the crash. 
8 a De gezonde arbeiders KAPPEN / PLANTEN de boom achter de boerderij. 
 b The healthy workers CUT / PLANT the tree behind the farm. 
9 a De trotse tandartsen BEWIJZEN / SIGNALEREN een fout in de behandeling. 
 b The proud dentists PROVE / SIGNAL a mistake in the treatment. 
10 a De beroemde schoonheden VERVELEN / MOTIVEREN hun klanten op het 
feest. 
 b The famous beauties BORE / MOTIVATE their customers at the party. 
11 a De snelle leerlingen FIETSEN / ZWEMMEN de afstand zonder pauze. 
 b The fast pupils CYCLE / SWIM the distance without a break. 
12 a De vermomde ridders DRAGEN / BRENGEN het slachtoffer naar de 
stadsmuur. 
 b The disguised knights CARRY / BRING the victim to the city wall. 
13 a De werkloze verkopers STEUNEN / STARTEN de jacht op de wasbeer. 
 b The unemployed salesmen SUPPORT / START the hunt for the raccoon. 
14 a De vermoeide zusters VERVANGEN / STELEN de kussens tijdens hun dienst. 
 b The tired nurses CHANGE / STEAL the pillows during their shift. 
15 a De vervelende reizigers PLAGEN / FILMEN de vrouwen met hun mobieltjes. 
 b The annoying travellers TEASE / FILM the women with their cell phones. 
16 a De huidige voorzitters TELLEN / VERWELKOMEN de vreemdelingen op de 
bijeenkomst. 
 b The current chairmen COUNT / WELCOME the strangers at the meeting. 
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17 a De buurtbewoners BENADRUKKEN / TOLEREREN de overlast van de 
relschoppers. 
 b The local residents STRESS / TOLERATE the trouble caused by the 
troublemakers. 
18 a De dwaze brandweerlieden BELONEN / STIMULEREN het besluit van hun 
neven. 
 b The foolish fire fighters REWARD / STIMULATE the decision of their cousins. 
19 a De onzekere dames ZETTEN / BREKEN de spiegel op hun bureau. 
 b The insecure ladies PUT / BREAK the mirror on their desk. 
20 a De ongeruste tantes STUREN / DONEREN veel truien aan het weeshuis. 
 b The worried aunts SEND / DONATE many sweaters to the orphanage. 
21 a De zwangere vrouwen KRUIDEN / KOKEN de aardappelen met veel zout. 
 b The pregnant women SPICE / COOK the potatoes with a lot of salt. 
22 a De vermoeide spelers VERPESTEN / GEVEN hun voorstelling op het strand. 
 b The tired players SPOIL / GIVE their performance on the beach. 
23 a De drukke schrijvers VERZAMELEN / SORTEREN de gedichten zonder te 
klagen. 
 b The busy writers COLLECT / SORT the poems without complaining. 
24 a De eerlijke leden BEPALEN / FINANCIËREN the purchase of the fridge. 
 b The honest members PAY / FINANCE de aankoop van de koelkast. 
 
 
XVSO sentences  
(Sentence a is a direct translation of sentence b; in the experiment, the onset of sentence b 
was identical to that of sentence a) 
1 a Tijdens het eten, PRESENTEREN / VERKOPEN de kunstenaars hun 
schilderijen aan het publiek. 
 b [After dinner, SELL / PRESENT] the artists their paintings to the audience. 
2 a Kort na de stroomstoring, VERRASSEN / CONFRONTEREN de chirurgen 
hun vrouwen met hun beslissing. 
 b [Shortly after the power failure, SURPRISE / CONFRONT] the surgeons their 
wives with their decision. 
3 a Na hun fietstocht, SCHENKEN /DRINKEN de jongens het sap uit de fles. 
 b [After their bike trip, POUR / DRINK] the boys the juice from the bottle. 
4 a Tijdens de zitting, VEROORDELEN / CITEREN de rechters de aangeklaagde 
zonder medelijden. 
 b [During the hearing, JUDGE / CITE] the judges the accused without pity. 
5 a Tijdens de taalles, VERTALEN / FORMULEREN de meisjes een zin in het 
Duits. 
 b [During the language lesson, TRANSLATE / FORMULATE] the girls a 
sentence in German. 
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6 a Bij zonsopgang, EINDIGEN / BEGINNEN deze mensen hun werkzaamheden 
op het platteland. 
 b [At sunrise, FINISH / BEGIN] these people their duties in the countryside. 
7 a Volgens hun vrouwen, BEWAREN / VERSPILLEN deze boeren hun voorraad 
voor het vee. 
 b [According to their wives, SAVE / SPILL] these farmers their supplies for the 
cattle. 
8 a Met veel moeite, KOPEN / BAKKEN de vrouwen een taart zonder eieren. 
 b [With a lot trouble, BUY / BAKE] the women a pie without any eggs. 
9 a Tijdens het afscheidsfeest, SPELEN / ZINGEN de docenten een lied uit de 
jaren negentig. 
 b [During the goodbye party, PLAY / SING] the teachers a song from the nineties. 
10 a Tijdens het uitje, VERLEIDEN /KUSSEN de bazen de schoonmakers in de 
kroeg. 
 b [During the outing, SEDUCE / KISS] the chiefs the cleaners in the pub. 
11 a Tijdens de vakantie, KRIJGEN / VINDEN de leerlingen een vogel met een 
grote snavel. 
 b [During the holidays, GET / FIND] the pupils a bird with a large beak. 
12 a Vlakbij het dorp, BELLEN / GROETEN de wandelaars de boer uit het dorp. 
 b [Close to the village, CALL / GREET] the hikers the farmer from the village. 
13 a Ondanks het vredesverdrag, BEZITTEN / PRODUCEREN deze burgers 
kogelvrije kleding van glasvezel. 
 b [Despite the peace treaty, POSSESS / PRODUCE] these citizens bulletproof 
clothes from fibreglass. 
14 a Tijdens hun reis, VERZINNEN / VERTELLEN de verkopers een verhaal over 
hun hond. 
 b [During their journey, MAKE UP / TELL] the salesmen a story about their dog. 
15 a Op het strand, TREKKEN / ZIEN de zeelui een paard met een kar. 
 b [At the beach, PULL / SEE] the sailors a horse with a wagon. 
16 a Na het optreden, STRAFFEN / SELECTEREN de leraren de leerlingen zonder 
duidelijke reden. 
 b [After the performance, PUNISH / SELECT] the teachers the pupils without a 
clear reason. 
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 Switch (L1-L2) Non-switch (L1-L1) Switch cost 
L1 cognate 1039 (53) 896 (38) 143 
L1 non-cognate 971 (40) 943 (46) 28 
L2 cognate 1060 (44) 1009 (50) 51 
L2 non-cognate 1134 (54) 990 (55) 144 
Latencies at WP 3 for slower shadowers 
 
  
Effect  measure F1     F2      
  Df MSE F p η2p Df MSE F p η
2
p  
Language x Cognate x Switch x Proficiency WP3 1,41 11259.32 5.89 .020 .13 1, 361 25730.58 2.80 .095 .008 * 
Slower: L1 Cognate x Switch  WP3 1,22 23412.07 3.23 .086 .13 1,92 34366.61 3.73 .057 .04 * 
Faster: L1 Cognate x Switch  WP3 1,22  < 1   1,91  < 1   NS 
Slower: L2 Cognate x Switch  WP3 1,20 11154.53 4.25 .053 .175 1,89 30854.73 2.02 .159 .02 * 
Faster: L2 Cognate x Switch  WP3 1,22 6498.84 1.06 .315 .048 1,89  <1   NS 
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Chapter 6 
 
This thesis investigated bilingual processing in sentence context. We set out to 
examine the processing of verb cognates and language switches when these 
were embedded in sentence context. Additionally, the role of L2 proficiency in 
processing of verb cognates and language switches was studied. In six language 
comprehension and production experiments, the following research questions 
were addressed in relation to bilingual processing in sentence context: Do verb 
cognates show an effect of co-activation similar to nouns in (sentence) context? How does 
sentence context influence the processing of language switching in terms of switch costs? Does 
co-activation of cognates influence language switch costs in sentence context? And are effects of 
cognate facilitation and switch costs influenced by L2 proficiency and relative activation of L1 
and L2? 
A summary of the main findings per chapter is given below. This is 
followed by a more detailed discussion on the processing of verb cognates, 
language switching, and the role of L2 proficiency. The discussion ends with 
suggestions for future research based on the present findings, and an overall 
conclusion regarding the research questions. 
 
Summary 
Chapter 2 studied effects of cognate status and word class ambiguity on the 
processing of nouns and verbs in visual word recognition, to find out if co-
activation of overlapping word forms between languages benefits from 
additional overlap within a language, and whether this effect is sensitive to the 
grammatical category of a word. Dutch-English bilinguals were presented with 
nouns and verbs that were manipulated for cognate status and word class 
ambiguity. The results of two lexical decision experiments indicated an effect of 
word class; it was shown that only verbs yielded an effect of sharing a form 
with a noun, while no such effect was observed for processing of nouns that 
shared a form with a verb. This highlights differences in noun and verb 
processing, likely due to a difference in terms of representational complexity of 
the two word classes. Crucially though, cognate facilitation was observed for 
nouns and verbs alike, showing that verb cognates benefit from co-activation 
in the bilingual mind in spite of imperfect orthographic overlap. Based on the 
finding of a cognate effect for verbs in relative isolation, little can be said about 
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the verb cognate facilitation in context. Such processing of words involves 
meaning activation, which is to a large extent affected by the context. Given 
the context-dependent activation of verbs in particular (Gentner, 1981), it was 
crucial to also test cognate verbs in a context that specifies their meaning. 
Therefore, Chapter 3 continued to study noun cognates and, more 
importantly, verb cognates in reading comprehension when these were 
embedded in the context of sentences. Furthermore, it examined if cognate 
facilitation in sentences is subject to effects of reading proficiency in an L2, and 
task demands. The outcomes of an eye-tracking and self-paced reading 
experiment indicated a cognate effect for nouns, while evidence for verb 
cognate facilitation in sentence context was only shown in the self-paced 
reading times. In all cases, cognate facilitation was modulated by measures of 
L2 proficiency: Less proficient L2 readers showed more cognate facilitation 
than more proficient L2 readers, indicating that cognate facilitation is in part a 
result of a difference in relative activation strength of L1 and L2. These results 
thus showed that verb cognate facilitation is dependent on word class, 
proficiency and contextual constraints. This means that verb cognate effects in 
relative isolation cannot be simply extended to processing in sentence context.  
Chapters 4 and 5 of this thesis investigated factors that can influence 
switch costs during sentence processing. Specifically, they examined whether 
switch costs are modulated by language switch direction, language proficiency 
and the presence of cognates. In Chapter 4, the relation between cognate 
processing and language switch costs was examined in visual sentence 
comprehension. Cognates are generally associated with facilitatory processing 
due to co-activation between languages, while switching between languages is 
associated with a processing cost. This raises the question whether co-activated 
cognates have an influence on the magnitude of switch costs. A self-paced 
reading task based on sentences that were manipulated for cognate status of 
the main verb and the presence of a language switch following that verb was 
used to test whether cognates could reduce the magnitude of switch costs in 
reading. The results showed no evidence for cognate facilitation or a cognate 
modulation of switch costs in sentence context, again pointing to a limited role 
of co-activation for verb cognates in sentence context. The reading times did 
indicate an influence of switch direction: A cost was observed for switches into 
L2 but not for switches into L1, which strongly suggests that switch costs in 
language comprehension depend on language dominance, in line with the 
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finding that L1 sentences were read faster than L2 sentences. Furthermore, the 
size of the switch cost correlated with measures of proficiency in L2. 
In Chapter 5, very similar materials were used to examine switch costs and 
switch cost modulations due to co-activation in a different modality. A 
shadowing task was employed to study a combination of auditory processing 
and speech. As the trigger hypothesis was originally based on speech 
production (e.g., Broersma, Isurin, Bultena, & De Bot, 2009; Clyne, 2003; 
Kootstra, Van Hell, & Dijkstra, 2012), we wanted to test whether a higher level 
of phonological activation of the verb cognate would be more likely to reduce 
switch costs. Furthermore, this study looked at the effect of syntactic 
structures, and tested whether cross-language overlap in word order affected 
the processing of cognates and switches. Similar to findings for the self-paced 
reading study, shadowing latencies showed that processing in L2 was slower 
than in L1 and that switching to L2 was more costly than switching to L1. 
Switch costs were not reduced following a cognate, and there were no effects 
of sentence structure or L2 proficiency. This study thus showed no support for 
the lexical trigger hypothesis (Clyne, 2003). 
In sum, regarding processing of verb cognates, the findings in Chapters 3, 
4, and 5 indicate little proof of cognate facilitation effects and therefore 
provide no convincing evidence for co-activation of verbs in monolingual and 
bilingual sentence context. A cognate effect for verbs was obtained for 
cognates presented out of sentence context as shown in lexical decision tasks in 
Chapter 2. When embedded in an L2 sentence context, no clear pattern of 
cognate facilitation was observed; verb cognate facilitation only emerged as a 
proficiency dependent effect in self-paced reading. Furthermore, as indicated in 
Chapters 4 and 5, language switch costs were shown to depend on language 
switch direction, which can be related to an effect of L2 proficiency. Switching 
to L2 within a sentence was repeatedly shown to be more demanding than 
switching back to L1. No evidence was found in support of a cognate 
modulation of switch costs. The latter finding also implies that no support for 
the (cognate) trigger hypothesis was shown. The findings regarding verb 
cognates, language switching and the role of L2 proficiency will discussed in 
more detail below in relation to the research questions. 
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Verb cognates 
Do verb cognates show an effect of co-activation similar to nouns in 
(sentence) context? 
The research conducted in this thesis demonstrates that the cognate effect for 
verbs that are less similar between languages is context dependent. In contrast 
to findings obtained for nouns, verb cognate facilitation was limited to 
processing in relative isolation (Chapter 2) and mostly disappeared in sentence 
context (Chapters 3, 4, 5). This points to an important role of sentence context 
in co-activation and adds to earlier studies that have pointed to several 
contextual influences in cognate facilitation in relation to semantic constraint 
(e.g., Libben & Titone, 2009; Schwartz & Kroll, 2006; Van Hell & De Groot, 
2008). Here the context effect refers to the presence of a sentence context in 
comparison to processing of single words in isolation. The sentence context 
can be assumed to affect verb cognate processing through semantics, as the 
activation of verb semantics has previously been associated with sentence 
context (e.g., Taylor, Lev-Ari, & Zwaan, 2008). In what follows, the influences 
of contextual factors and cross-linguistic similarity on processing of verb 
cognates will be discussed. 
A recent eye-tracking study also examined verb cognates and non-
cognates in sentence context (Van Assche, Duyck, and Brysbaert, 2013). In 
addition to manipulating the cognate status of the main verb, Van Assche et al. 
(2013) also manipulated morphological complexity by comparing present tense 
forms to past tense verb forms. Largely similar to the findings in Chapter 2, 
this study showed little cognate facilitation for verbs. Eye-movements revealed 
no cognate facilitation in early fixation measures. A small facilitatory effect was 
only obtained for the later reading time measure of Go-Past Time (sum of all 
fixations until a rightward saccade has been made), which was not modulated 
by verb tense. Reduced orthographic similarity for verb cognates in comparison 
to noun cognates was argued to be not enough for bottom-up processing to 
show any effect in early fixation measures. The observed effect in the later 
fixation measure was explained as a possible sign of easier semantic processing 
of verb cognates. It could reflect co-activation at the semantic level, which is a 
later stage of processing. This is based on the generally accepted notion that 
lexical representations may be language-specific, but semantic representation is 
shared between languages (e.g., De Groot, 2011; Dijkstra & Van Heuven, 2002; 
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Kroll & Stewart, 1994). Yet, as argued in this thesis, in sentence context, verbs 
might be more language-specific with regard to semantics. This means that the 
semantics of verb cognate translation equivalents may be shared to a lesser 
extent than those of nouns (Van Hell & De Groot, 1998). 
Verb meaning is assumed to be defined relative to context (Gentner, 
1981). Because it would be inefficient to fully activate all experience and 
knowledge associated with a concept every time we process it, it has been 
argued that only relevant semantic associations in a specific situation are 
activated (e.g., Damasio, 1989; Van Dam, 2012; see also Barsalou, Kyle 
Simmons, Barbey, & Wilson, 2003). Apart from the efficiency argument, 
meaning is strongly influenced by top-down processing generated by sentence 
context. This is indicated by the observation that contextual information can 
quickly reduce the amount of non-target activation for meaning in monolingual 
processing of ambiguous words (Swinney, 1979). In a similar fashion, the 
monolingual context in which verb cognates were embedded in Chapter 3 of 
this study may have generated more language-specific processing of the verb by 
means of top-down regulation. As the carrier of the sentence structure, the 
most relevant semantic information to activate in this case would be the verb 
argument structure in the language relevant for processing. Context thus 
determines meaning activation for verbs to a large extent, and a language-
specific context may have a larger effect on verbs than on nouns in terms of 
cross-linguistic processing. 
A related effect of semantics can be found in the importance of meaning 
overlap between translation equivalents. A recent study shows that the 
suitability of a cognate’s non-target translation in context influences cognate 
effects: Balling (2012) showed that a facilitation effect is only obtained for 
cognates that have a translation equivalent that is suitable in the same context. 
Danish-English bilinguals read authentic texts in their L2 English to study 
effects of translation equivalence and morphological complexity of cognates, 
based on eye-tracking measures. Reading times showed that for cognates with 
multiple translations in L1, those cognates whose translations did not fit in the 
same context showed no facilitation. This stresses the importance of the role of 
the surrounding context and implies that meaning overlap is crucial for 
facilitatory effects to arise. This is an indication that within a sentence, meaning 
is constructed based on the surrounding context (see also Taylor, Lev-Ari, & 
Zwaan, 2008).  
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The present findings thus show that context can play an important role in 
the bilingual processing of cognates during reading. Earlier studies showed that 
the size of the cognate effect in sentence processing depends to a large extent 
on the degree of orthographic as well as phonological similarity between noun 
cognates in two languages (Duyck et al., 2007; Libben & Titone, 2009; Van 
Assche et al., 2011; Van Assche et al., 2009). In spite of reasonable 
orthographic overlap between the Dutch and English verbs used in the present 
study, little to no cognate facilitation was found for verbs embedded in 
sentences (Chapters 3, 4, 5). Although cross-linguistic orthographic similarity 
for verbs was lower than for nouns, by and large the same verb forms (similar 
to infinitival forms) were shown to generate cognate facilitation similar to noun 
cognates in the lexical decision task (Chapter 2). This implies that an 
explanation in terms of orthographic overlap does not suffice to explain the 
present findings. The lack of a modulating effect of verb conjugation on the 
cognate effect in lexical decision task and the sentence reading experiment by 
Van Assche et al. (2013) is further evidence that orthographic form is not the 
only factor to explain the absence of verb cognate facilitation in sentence 
processing. In their study, the present tense verbs and the past tense verbs 
showed no difference in cognate facilitation, even though the latter were less 
similar in terms of cross-language orthography.  
The available evidence gathered so far demands a reflection on the 
psycholinguistic definition of cognates at a theoretical level. Based on the 
current evidence, the best possible answer is that cognate status is not a 
discrete variable, but rather a continuum, as shown by effects of cross-linguistic 
similarity and contextual influences. The absence of cognate facilitation for 
verbs in sentences was considered to be due to a combination of factors related 
to cross-linguistic overlap, context, proficiency and task demands.  
An additional possible factor in cognate facilitation effects not specifically 
addressed in this thesis is lexical frequency. Verbs naturally occur in more 
different forms (inflections of tense and person) than nouns (singular, plural, 
and, in Dutch, diminutive). More diversity of forms can be related to more 
representational complexity and means that the frequency of verb forms may 
be lower than for nouns. Lower frequency results in slower activation for verbs 
in comparison to nouns, as was observed in lexical decision (see Chapter 2). In 
Chapter 2, it was argued that verbs are therefore more sensitive to effects of 
form overlap, resulting in both within and between overlap effects. Also, the 
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slower reading times for verbs in self-paced reading (Chapter 3) made items of 
this word class more liable to effects of form overlap. This suggests that 
activation and frequency play a role in co-activation.  
Another factor influencing cross-linguistic similarity is morphological 
complexity. Apart from the translation meaning manipulation, the study by 
Balling (2012), referred to earlier, showed that morphologically simple cognate 
words showed a facilitation effect for reading in context, whereas complex 
words (i.e., words that contain one or more morphemes that are cognate, while 
the word as a whole is not considered a full cognate), showed an inhibitory 
effect. Although the study did not examine word class effects, most verbs that 
were tested were morphologically complex words. This implies that 
morphological complexity could be another factor affecting differences 
between nouns and verbs in terms of cognate effects.  
The evidence obtained for noun and verbs cognates in this thesis thus 
suggests that there is no absolute word class difference between nouns and 
verbs (but see Sunderman & Kroll, 2006). Differences between noun and verb 
cognates seem to be explained by cross-linguistic similarity in terms of 
semantics, orthography and phonology, and morphological complexity. 
Furthermore, cross-linguistic activation can be modulated by the use of a word 
in context (see also Federmeier, Segal, Lombrozo, & Kutas, 2000 for 
monolingual processing on ambiguous words in sentence context). Now that 
we have tried to explain the findings with respect to processing of verb 
cognates, it is time to consider the theoretical implications. 
 
Consequences for representation of context-dependent cognate 
effects 
The findings in this thesis suggest that a verb cognate’s representations in two 
languages are not always co-activated when cognates are presented in sentence 
context. The results indicate that in terms of stimulus characteristics, lexical 
features of the target word in combination with aspects of the surrounding 
context influence how a word is processed when it has been embedded in a 
sentence. Additionally, cross-linguistic activation can be influenced by lexical 
frequency and relative proficiency of L1 and L2. This hybrid account fits with 
interactive accounts such as the BIA+ model (Dijkstra & Van Heuven, 2002). 
Although this model has been used to explain bilingual processing of words in 
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sentence context, it does not describe the role of contextual influences in detail. 
A model that does focus on processing of lexical items in context is the 
Reordered Access Model (Duffy, Morris, & Rayner, 1988). This model can 
account for lexical ambiguity in a monolingual context, assuming that a 
preceding context paves the way for a correct and efficient interpretation of a 
homograph by increasing the activation of the target meaning. The Reordered 
Access Model has recently also been used to account for effects of meaning 
disambiguation in bilingual processing (see Schwartz & Arêas Da Luz Fontes, 
2008; Schwartz & Van Hell, 2012; Schwartz, Yeh, & Shaw, 2008, for bilingual 
interpretations of the Reordered Access Model). In case of cognate processing, 
however, the meaning of the L1 and L2 representation are not assumed to 
differ to the extent that meaning disambiguation is required. An alternative 
account of cognate processing in sentence context is therefore sketched below. 
Current models of bilingual activation often lack details that may be 
relevant to distinguish noun and verb processing and leave little room for 
contextual influences that can affect semantic interpretation. On the basis of 
the present findings, we can sketch a model that incorporates influences of 
sentence context, and makes a distinction between nouns and verbs based on a 
continuum of form and meaning overlap. One possible cognate representation 
is the localist connectionist model, based on the BIA+ model, in Dijkstra et al. 
(2010; see also Dijkstra & Van Heuven, 2002). This model assumes two 
sources of co-activation for lexical representations are stored in the mental 
lexicon. One source concerns direct bottom-up activation via the input signal 
to orthographic form representations in two languages, which can be described 
as a neighbourhood effect. Although the input signal is processed in a non-selective 
manner, L1 and L2 form representations may be different depending on resting 
state activation. Activation via this route depends on frequency of a word 
representation, which depends on language dominance and word frequency. 
When an unbalanced bilingual processes an identical cognate in an L1 context, 
the lexical representation in L1 becomes more active than the equivalent L2 
representation, but activation of the L2 representation can help to activate the 
target quicker. In case of non-identical cognates, the amount of overlap also 
plays a role; an L2 form is assumed to also activate the L1 representation, 
depending on the amount of overlap between the two representations. Based 
on activation and context, one candidate is selected for full activation. The 
neighbourhood activation route can account for effects of relative proficiency 
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in L1 and L2 processing, as was seen in Chapter 3. Another source of co-
activation is assumed via the semantic representation. Once a word’s semantics 
have been activated via the form level in the stronger L1, it can feed back 
activation to the orthographic representations of L2. This semantically 
mediated form of co-activation can be described as semantic resonance. This is a 
later stage of co-activation, which can also account for non-selective activation 
of less overlapping translation equivalents (see Van Assche, Duyck, & 
Brysbaert, 2013). 
In the BIA+ model, differences in cognate facilitation between nouns and 
verbs can arise from both the orthographic and the semantic routes. A lesser 
degree of orthographic overlap can reduce the co-activation resulting from 
neighbourhood effects. Concerning semantics, co-activation may not only 
depend on aspects relating to the word stimulus, but also the surrounding 
linguistic context. Generally, translation equivalents are assumed to more or 
less share a conceptual or semantic representation, while their form 
representations are separate per language (e.g., Dijkstra & Van Heuven, 2002; 
Kroll & Stwart, 1994; see also De Groot, 2011). Yet, it was suggested in 
Chapter 2 that mapping of L2 representations onto existing representations in 
L1 is less straightforward for verbs, because form and use do not overlap 
across languages as much as in case of nouns. The degree of semantic overlap 
with respect to noun and verb translations is likely to influence processing. 
 
Figure 1. Localist connectionist model including an influence of context on 
semantic processing (adapted from Dijkstra et al., 2010). 
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The BIA+ model (see also the localist connectionist model in Dijkstra et 
al., 2010) does not incorporate any influences on word recognition beyond the 
word itself. Although more selective top-down aspects are assumed to 
influence processing in addition to bottom-up non-selective aspects, the nature 
of top-down influences in the model is limited to the single word level (see 
Dijkstra et al., 2010). The present results indicate, however, that an additional 
top-down influence to the model may be provided by the context in which a 
word occurs. Apart from the degree of semantic overlap at the word level, a 
more language-specific influence on verb semantics might arise by the 
influence of sentence context. Because the interpretation of verb meaning was 
proposed to be relative to context, a direct top-down influence of contextual 
factors on verb semantics may be assumed (as depicted in Figure 1). Such an 
influence of the context on the semantic level may be expected for word 
recognition in the context of a sentence.  
How does sentence context influence lexical access of single words? In 
comprehension, integration of a word in context requires that the meaning 
matches the context. This means that the preceding context can to some extent 
influence semantic processing. The weight of the contextual influence should 
depend on the use of the word in context, as well as its ambiguity and 
predictability. Verb meaning has been argued to be more ambiguous than that 
of nouns (Prior et al., 2012, 2007). If we furthermore assume that verb 
semantics are more language-specific than nouns, then this could imply that the 
context can also enhance language-specific activation of lexical representations, 
which can create a language-specific bias. Alternatively, in the case of verbs, 
verb argument structure (see Goldberg, 1995), possibly helped by language-
specific lexical or sublexical features of the sentence context can bias the 
reading of a verb cognate regarding the language of processing. The (number 
of) syntactic structures required for a certain verb, as well as word order 
constraints can differ across languages. Verbs might therefore be more 
sensitive to contextual influences than nouns. Having discussed processing of 
verb cognates, we will now continue with processing of language switches. 
 
Language switching 
The findings on language switching reported in Chapters 4 and 5 can be 
summarized in terms of two main findings concerning sentence context. The 
first main finding pertains to the effect of language switch direction in sentence 
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context, which was related to language proficiency. The second main finding 
concerns the influence of lexical overlap. Both findings have theoretical 
implications for the cognitive mechanism that drives language switching costs, 
as will be discussed below. 
 
How does sentence context influence the processing of language 
switching and switch costs?  
The magnitude of the switch cost was shown to depend on switch direction. 
This asymmetrical effect differs from the asymmetry observed for isolated 
picture and number naming (see Meuter, 2005, for an overview). In contrast to 
language production, it was argued that neither language is actively inhibited 
during visual processing, meaning that no effort is required to overcome such 
inhibition. Therefore the notion of inhibitory control (Green, 1998; see also 
Meuter 2005), which can account for the asymmetry in cued naming, does not 
necessarily seem to apply bilingual sentence comprehension. Instead, switch 
costs in sentence comprehension were related to proficiency in L1 and L2. 
Specifically, for both self-paced reading and shadowing, switching to the L2 
was associated with a larger switching cost than switching to the L1. The 
observed asymmetry can be explained in term of relative proficiency in L1 and 
L2 using the activation metaphor. For unbalanced bilinguals, a higher 
proficiency in L1 implies that activating L1 is easier than activating L2. Hence 
switching from L2 to L1 is easier than switching from L1 to L2. Relative 
proficiency can also be used as a measure to explain variance in the magnitude 
of switch costs. As was shown in Chapter 4, the size of the switch cost was 
larger in the L1 to L2 direction for less proficient L2 speaker as compared to 
more proficient L2 speakers. This indicates that language proficiency influences 
how fast switches can be processed. Higher proficiency in a given language can 
speed up activation of that language during processing, and bilinguals who are 
more proficient in their L2 will more easily activate the L2 in case of an L1 to 
L2 switch. The present finding that language proficiency affects switch costs is 
in line with earlier accounts on language switch costs (Costa & Santesteban, 
2004; Declerck, Koch, & Philipp, 2012; Meuter, 2005). Furthermore, the 
explanation in terms of relative activation fits with the notion of non-selective 
activation, as will be outlined below. 
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Does co-activation of cognates influence language switch costs? 
The second main finding concerning language switching relates to the 
modulation of switch costs due to the presence of cognates in the sentence. 
The results of Chapters 4 and 5 provide no clear evidence for switch cost 
modulations due to verb cognate processing. In general, verbs with cross-
linguistic overlap did not seem to facilitate the ease of switching. The reason 
for not finding a switch cost reduction can be related to limited co-activation 
for verb cognates in sentence context, which was also apparent in Chapter 3. A 
self-paced reading study highly similar to that reported in Chapter 4 but carried 
out with noun cognates did point to a reduction of switch costs following a 
noun cognate in case of an L2-L1 language switch (Witteman, 2008, in Van 
Hell & Witteman, 2009). Together with the limited evidence for verb cognate 
facilitation in Chapter 3, the absence of a switch cost modulation in Chapters 4 
and 5 suggests that cross-linguistic activation for verb cognates is not strong 
enough to show any effects in monolingual and bilingual context. This need 
not mean that verb cognates cannot trigger switches; the trigger potential is not 
necessarily the same as the extent to which cross-linguistic processing can 
reduce switch costs. Indeed, a corpus analysis of triggered code switches in 
spontaneous speech of habitual switchers showed no differences in trigger 
potential among different word classes, including verbs (Broersma, 2009).  
What do these findings tell us about the origin of switch costs? In the 
literature on language switching, two main approaches to switch costs are 
known. One approach considers switch costs to be the result of processes 
within the lexicon, which means that the origin of the cost is at least partly 
language-specific (e.g., Della Rosa, 2011; Orfanidou & Sumner, 2005). The 
other approach assumes that switch costs observed in language switching are 
not specific to the language domain, but are similar to a general cost for task 
switching (Green, 1998; Thomas & Allport, 2000; Von Studnitz & Green, 
2002). The findings in Chapters 4 and 5 provide no conclusive outcome for 
either of these accounts, although the present results seem to better fit a lexical 
basis of switch costs, as will be argued below. 
A cognate-dependent switch cost modulation was hypothesized to point 
in the direction of a lexical basis of switch costs. Although the lack of a switch 
cost modulation following a verb cognate did not provide evidence for a 
language-specific origin of switch costs, the proficiency modulation of the 
switch cost asymmetry in comprehension could point in this direction. Switch 
Summary and discussion | 193 
 
 
costs in comprehension were explained in terms of relative activation (see 
Chapter 4), suggesting they are influenced by lexical activation similar to 
cognate facilitation effects. This explanation suggests switch costs can in part 
be accounted for at a lexical level.  
Other evidence that switch costs are influenced by lexical factors that is 
relevant in relation to lexical triggering comes from the field of phonology. 
Declerck et al. (2012) point out that phonological co-activation reduces switch 
costs in cued naming for digits and pictures. The results indicated that 
compared to other forms of picture naming, cognate-like numbers and cognate 
pictures showed smaller switch costs. Both of these stimulus types have 
phonological overlap across languages. In line with other task-switching 
literature that points to an influence of late response related processing on 
switch costs, the authors argue that switch costs may in part be due to 
processes associated with speech planning and articulation. The phonological 
account could also explain the trigger potential of cognates in spontaneous 
speech, given that cross-linguistic phonological similarity is present for 
cognates. Recent evidence that cognates are produced with less language-
specific detail than non-cognates (Amengual, 2012) supports this idea. When 
Spanish-English bilinguals produced cognates in their L1 Spanish, it was shown 
that their speech contained voice onsets times that were more similar to 
English (i.e., longer for /t/) than for the production of non-cognates. 
Although the present findings may prevent us from drawing any 
conclusions regarding the locus of switch costs, we can consider the 
implications of the findings on relative activation with regard to language 
membership of lexical representations. A current question concerning language 
non-selective activation is at what level language membership is defined in the 
mental lexicon (see Van Kesteren, Dijkstra, & De Smedt, 2012). For bilingual 
processing, including language switching, it is worth questioning at what stage 
language membership is activated. It is necessary to activate language-specific 
information in order to make the switch. The moment of activation could aid 
in explaining language switch costs. For this discussion, it is relevant to make a 
distinction between comprehension and production, because the activation of 
the language can be assumed to occur at different stages depending on whether 
language is comprehended or produced.  
In language comprehension, the point of language identification can be 
assumed to occur relatively late in the process. The BIA+ model supposes that 
194 | Chapter 6 
 
  
the input signal is initially processed in a language non-selective manner. This 
holds for both visual (see, e.g., Bultena & Dijkstra, 2013) and auditory (e.g., 
Marian & Spivey, 2003) word recognition. Language nodes are activated only at 
a later stage in processing, which ensures lexical selection in the appropriate 
language (Dijkstra & Van Heuven, 2002). The late identification of language 
membership has implications for the recognition of language switches. When 
processing incoming visual input, such as in self-paced reading, a language 
switch is recognized in a bottom-up fashion. When switching from an L1 word 
to a subsequent word in the L2, the reader has to recognize the word in L2. 
The bottom-up nature of input processing does not seem to be in need of strict 
language control. Based on an input signal that (to a large degree) matches with 
a word form in two languages, lexical representations in both languages can be 
automatically activated, particularly in case of cross-linguistically similar word 
forms. In spite of non-selective activation, the occurrence of a temporary slow-
down in reading times for L1 to L2 switches in Chapter 4 suggests, however, 
that activation of words in L2 is slower than in L1, and thus requires an actual 
switch at some point in the process. Language identification is assumed to 
occur relatively late. This suggests that speed of activation (i.e., a frequency 
based effect in part induced by L2 proficiency) rather than inhibitory processes 
are responsible for the switch cost. Self-paced reading times only showed 
switch costs in the L1 to L2 direction, implying that the less frequently 
accessed L2 is activate slower, hence the cost; switching from L2 to L1 showed 
no switch cost, suggesting that the dominant L1 is activated faster.  
In case of language production, selection of the intended lexical candidate 
may be assumed to require earlier identification of the target language. 
Different accounts do not agree whether the process of lexical selection 
involves competition of cross-language competitors (e.g., Green, 1998) or 
whether the intention to speak in one language is enough to limit the 
candidates for selection to one language only (e.g., Costa & Santesteban, 2004). 
Yet other models assume that language membership can be defined at all levels 
of the production process (De Bot, 1992; Kootstra, 2012). In all, there is no 
consensus on the time course of language identification, but they do agree that 
the outcome of the selection process must be language-specific. The pattern of 
switch costs from shadowing, which involves a form of language production, 
suggests a contrast with processing of switches in visual comprehension. The 
effects obtained in the shadowing task suggest that the switch cost is larger (i.e., 
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longer lasting) for L1 to L2 switches than for L2 to L1 switches, similar to the 
asymmetry in self-paced reading. In contrast to the self-paced reading task, 
however, switches back to L1 did show a short-term switch cost in shadowing 
latencies. This suggests some inhibition might have been overcome when the 
suppressed L1 was reactivated for L2 to L1 switches, in line with results from 
the production domain (see Meuter, 2005). Given the involvement of auditory 
recognition in shadowing, language membership may be activated earlier during 
shadowing than during visual comprehension because of language-specific 
phonetics. If we assume that language identification has taken place relatively 
early, then the L2 to L1 switch cost can be interpreted as some form of 
inhibition. 
 
Language proficiency in l2 
Are effects of cognate facilitation and switch costs influenced by L2 
proficiency and relative activation of L1 and L2? 
Several experiments in this thesis indicate that L2 proficiency is an important 
factor in processing of both cognates and language switches. The cognate 
effects in sentence context as reported in Chapter 3 were shown to depend on 
L2 proficiency. Only the reading times of less proficient L2 learners indicated 
an effect of cognate facilitation. Also the magnitude of language switch costs 
and the observed asymmetry in switching direction in Chapter 4 was dependent 
on L2 proficiency. Processing of L1-L2 switches became less effortful as 
proficiency in L2 increased. Both cognate facilitation effects and switch costs 
were therefore explained as lexical effects that can be related to relative 
activation influences by L2 proficiency.  
The bilinguals examined in this thesis were dominant in their L1. L2 
proficiency of such unbalanced bilinguals is usually roughly classified as high or 
low (see e.g., Costa & Santesteban, 2004; Elston-Güttler, Paulmann, & Kotz, 
2005; Van Der Meij et al., 2011). There is no explicit theory on proficiency 
levels (Hulstijn, 2012), which implies that strict criteria for the definition of a 
bilingual are lacking. However, the large sample of studies that has tested 
unbalanced bilinguals has used a wide variety of participants that are likely to 
differ largely in L2 proficiency within the categories of high and low 
proficiency. Inter-individual differences and variable language backgrounds can 
account for variation within the groups. As shown by the present results, 
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variation in L2 proficiency can affect effects of bilingual processing, such as for 
cognates or language switching. It is therefore important to measure L2 
proficiency to explain variance in the observed data. 
The question is how to measure language proficiency properly. 
Proficiency refers to fluency in reading, writing, listening and speaking. An 
indication of fluency in these skills can be given based on participants’ self-
ratings. Such self-ratings, however, are subjective. When proficiency is 
measured more objectively, this is often done with an offline measure of 
vocabulary size. In the present thesis, proficiency was screened with lexical 
decision tasks, such as XLex (Meara, 2006) or LexTALE (Lemhöfer & 
Broersma, 2011). It can be questioned to what extent a measure of vocabulary 
size is a good predictor of overall fluency. There are, for example, age 
constraints on acquisition of native like grammar and phonology, which do not 
apply to learning of vocabulary (see Kroll & Bogulski, 2013). This means that 
vocabulary size might not always be a good predictor of other kinds of fluency. 
LexTALE does not pretend to give a fully accurate picture of proficiency in L2, 
but the vocabulary measure was found to correlate with general L2 proficiency 
(Lemhöfer & Broersma, 2011). The outcome of the LexTALE test is therefore 
assumed to reflect more than lexical knowledge. Moreover, when focussing on 
word processing in sentence context, vocabulary knowledge is indeed a relevant 
factor.  
The relevance of taking proficiency into account has been shown by 
several studies. Processing in L2 users has been shown to change quantitatively 
but also qualitatively over time (see e.g., Lemhöfer & Broersma, 2011; Van Hell 
& Tanner, 2012). Costa and Santesteban (2004) propose that differences in 
proficiency level result in a qualitative difference, given that balanced bilinguals 
seemed to rely on a different mechanism (language-specific selection) than 
highly proficient bilinguals (inhibitory control) in lexical selection in a switch 
task. The present results only indicate quantitative differences in cognate 
facilitation and switch costs. Proficiency differences can thus account for 
variation in the observed effects, which was related to relative activation of the 
bilinguals’ two languages.  
So, when studying bilingual processing, it is essential to include L2 
proficiency as a factor. Although several studies have considered L2 proficiency 
as a relevant factor (for an overview, see Van Hell & Tanner, 2012), it is still 
little used as a measure to explain variance in dependent variables (see Hulstijn, 
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2012). Measures of proficiency would be useful to include in regression type of 
analyses to give a more accurate picture.  
It must be noted, however, that proficiency is not the only factor that can 
influence activation levels; relative activation can also be influenced by lexical 
frequency and task. A recent study by Peeters, Dijkstra, and Grainger (2013) 
investigated the role of frequency in cognate processing in relation to language 
dominance. In their study, French-English bilinguals performed of a lexical 
decision task in L2 with identical cognates that had been manipulated for 
frequency in L1 and L2. Cognates that were highly frequent in both L1 and L2 
were responded to fastest, while cognates that were low frequent in both 
languages were responded to slowest. More interestingly, the cognates that 
were highly frequent in L2, which was the target language of the experiment, 
but low frequent in the participant’s dominant L1 were responded to faster 
than the cognates that were of high frequency in the L1 but of low frequency in 
the L2. In other words, although L1 frequency is commonly assumed to be 
higher than that of L2, these results indicated that the language context also 
plays an important role in L2 processing. 
 
Future studies 
The present findings suggest a number of directions for future research; two 
main questions will be outlined here. First of all, it may be questioned what the 
limit is for cognate facilitation. How much overlap is enough to show 
facilitation? This research demonstrates that the psycholinguistic definition of 
cognates is not limited to nouns, but can be extended to verbs, which are less 
similar between languages. A verb cognate facilitation effect was observed in 
lexical decision (see Chapter 2 of this thesis), and may even occur in sentence 
context (e.g., Chapter 3 of this thesis; Balling, 2012; Van Assche et al., 2013). 
The extent to which nouns and verbs differ in terms of cross-linguistic 
similarity was related to semantic overlap, although this thesis did not 
specifically examine to what extent noun and verb meaning are shared. 
Furthermore, the precise influence of meaning overlap for cognates in general 
demands further investigation. It is generally assumed that (cognate) translation 
equivalents share semantics. Yet, words that are difficult to translate, such as 
emotion words like Dutch ‘gezellig’ or Portuguese ‘saudade’ as well as evidence 
from the domain of linguistic relativity (see Pavlenko, 2009) indicate semantics 
may not always be perfectly shared between languages. Thus it can be asked 
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whether the degree of bilingual activation for noun cognates is mostly 
dependent on the degree of orthographic and phonological overlap, or whether 
it is perhaps also related to the amount of semantic overlap in terms of 
concreteness or the extent to which semantics are embodied (Lam, in 
preparation). It may furthermore be questioned how cross-linguistic similarity 
regarding one aspect influences cross-linguistic similarity in another domain. 
Perceived semantic similarity can be assumed higher in case of more form 
overlap, as was also suggested by the ratings that were obtained in Chapter 2 
(Appendix IV of Chapter 2). The interplay between semantics and form might 
also affect the mapping of L2 on L1 representations. Apart from cross-
linguistic similarity in terms of semantics, orthography and phonology, further 
studies should also look more closely into the role of lexical form frequency 
(see Strijkers et al., 2010). Given that verbs occur in more different forms than 
nouns, the lexical frequency of these forms is likely to be lower, which could 
affect activation levels. This makes lexical form a possible additional 
explanation for differences between word classes. In relation to that, it may be 
questioned whether the cognate effect could be seen as a sign of limited 
proficiency in L2, given that cognate facilitation effects seem to disappear as 
bilinguals become more proficient in their L2 (Libben & Titone, 2009; see also 
Chapter 3 of this thesis). In relation to all these factors, it must be noted that 
facilitatory effects are largely item-specific, which means that generalizing over 
the category of cognates is possible only to some extent. 
A second follow-up question concerning cognate processing concerns the 
relation between observed cognate facilitation and the amount of co-activation. 
Most studies that show cognate facilitation infer that this is an indication of co-
activation in the bilingual mental lexicon. The size of the cognate facilitation 
effect depends on the degree of similarity, which suggests the degree of co-
activation is in turn dependent on the similarity across languages. Based on this 
finding, however, it cannot be ruled out that non-cognates do not, maybe for 
the briefest of moments, also activate translation equivalents during processing 
for recognition or production. Recently, literature has emerged that provides 
evidence for bilingual processing of words that have limited or no form overlap 
with a translation equivalent. This is suggested by bilingual influences during 
reading L2 words that bear no orthographic similarity to L1 (Thierry & Wu, 
2007) or the observation of automatic non-selective activation of non-cognate 
translation equivalents (e.g., Dimitropoulou, Duñabeitia, & Carreiras, 2011). 
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Furthermore, it is known that also morphological family members are activated 
in bilingual processing (Mulder, Schreuder, & Dijkstra, 2013). This indicates 
that co-activation or spreading activation are not limited to large degrees of 
overlap, suggesting that semantic overlap, in the absence of form overlap might 
be enough to generate bilingual processing. It therefore remains a question 
how cross-linguistic overlap exactly influences co-activation. Future studies 
could look into the time course of co-activation due to different degrees of 
overlap on different levels to give more insight into this issue. 
In terms of language switching, it would be interesting to investigate 
whether switch costs in comprehension are further reduced in the processing 
of balanced bilinguals. If the observed L1-L2 switch cost is due to a difference 
in relative activation of L1 and L2 representations, then the cost should be 
reduced when bilinguals are equally proficient in their two languages. Also, 
based on the present results, no substantial clarification for the lexical trigger 
effect could be given. It is not clear how exactly the cognate influences 
processing of language switches, or at what position exactly such a switch is 
taking place. In some studies, the cognate is assumed to be language neutral 
(Broersma & De Bot, 2006; Broersma, 2011), whereas the cognate could also 
be seen as (a stepping stone towards) the first switched word. It was suggested 
that the effect might be phonological in nature (based on Amengual, 2012; see 
also Kootstra, 2012), which demands further study.  
 
Conclusion 
The present thesis examined verb cognates and language switches as aspects of 
bilingual processing in context. The obtained pattern of results for verb 
cognates helps to identify some of the limitations of the cognate effect. Co-
activation has previously been shown to be the result of cross-linguistic 
similarity in terms of semantics, orthography and phonology, and 
morphological complexity. In addition, the present study has stressed that 
context plays an important role in cross-linguistic effects. It was shown that in 
spite of overlap, cognate facilitation present for verbs in relative isolation in a 
lexical decision task can disappear when verb cognates are embedded in 
sentence context. This suggests the presence of a sentence context restricts 
cross-linguistic activation for verb cognates, in line with the notion that 
cognate facilitation during word recognition depends on interactive processes 
due to bottom-up lexical and top-down contextual factors involved.  
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Processing of language switching was also shown to be influenced by the 
presence of a sentence context. The direction and size of switch costs in 
sentence processing indicated a noticeable effect of relative proficiency in L2. 
Such an explanation of switch costs in terms of relative activation suggests they 
can in part be accounted for at a lexical level, similar to cognate facilitation 
effects. Yet, no convincing evidence was found indicating that switch costs are 
affected by the presence of verb cognates.  
Apart from the influence of sentence context, processing of both cognates 
and language switches was shown to be subject to inter-individual variation. 
Both co-activation and switch costs were influenced by relative proficiency of 
the bilingual in each of their two languages. This stresses the importance of 
taking the role of proficiency into account when examining bilingual 
processing, given that bilingual proficiency is not static, but highly dynamic.  
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